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1

VEHICLE MONITORING DEVICE AND
METHOD OF MONITORING VEHICLE

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application No. 2011-115428, filed May 24, 2011, Japanese

Patent Application No. 2011-139062 filed Jun. 23, 2011 and
Japanese Patent Application No. 2011-139136 filed Jun. 23,

2011, each incorporated herein 1n its entirety.

TECHNICAL FIELD

The present invention relates to a vehicle monitoring
system and a method of monitoring the surroundings of the
vehicle using a camera 1installed in the vehicle.

BACKGROUND

With regard to monitoring systems to monitor a vehicle’s
surroundings, a security system 1s known in which upon
detection of external stimulus such as detected by a door
contact sensor, a camera 1s employed to capture the sur-
roundings and the image information will be transmaitted to
an outside mobile phone or the like. See, for example, JP-A
No. 2006-107279. However, when a captured image of the
camera 1s sent as 1t 1s, 1.e., without change, there i1s a large
burden of communication time and cost.

BRIEF SUMMARY

The objective that the present invention 1s to achieve 1s to
reduce the amount of communication data when transmaitting,
to an external terminal device the image captured by the
camera.

The present invention solves this problem by generating
a captured 1image 1n one of the display modes selected from
a video, streaming, or still image to transmit to the outside
depending on a monitoring level determined from a vehicle
state, by generating a monitoring 1mage 1n a display mode
with a higher frame rate as a monitoring level determined
from the state of the vehicle, or by generating a monitoring
image with a compression ratio to transmit to the outside
when an object to be monitored 1s detected.

According to the present mvention, since a momtoring
image 1s transmitted 1n a display mode in accordance with
the monitoring level to an external terminal device, it 1s
possible to indicate an i1mage of monitoring object 1mn a
suitable display mode. In addition, 1t 1s possible to reduce the
total amount of data of the monitoring 1image to be trans-
mitted 1n order to momitor the surroundings of the vehicle as
compared to a case in which the captured image of camera
1s sent as it 1s. Further, according to the present invention,
the monitoring 1mage 1s sent to the external terminal device
compressed by a compression ratio 1 accordance the moni-
toring level, 1t 1s possible to reduce the total amount of data
of the monitoring 1mage to be transmitted 1n order to monitor
the surroundings of the vehicle as compared to a case in
which the captured image of camera i1s sent as 1t 1s. As a
result, 1t 1s possible to reduce the communication cost
required for monitoring the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

The description herein makes reference to the accompa-
nying drawings wherein like reference numerals refer to like
parts throughout the several views, and wherein:
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FIG. 1 1s a block diagram of a vehicle monitoring system
comprising a momtoring system 1in the present embodiment

pertaining to the present invention;

FIG. 2 1s a diagram 1illustrating an installation example of
a camera;

FIG. 3 1s a diagram showing an example of the relation-
ship between the monitoring level and the display mode;

FIG. 4 1s a flowchart showing a control procedure for a
vehicle monitoring system;

FIG. 5 1s a diagram showing an example of the relation-
ship between a momitoring level and a compression ratio;

FIG. 6 1s a flowchart showing a control procedure 1n a
vehicle monitoring system:;

FIG. 7 1s a block diagram of a vehicle monmitoring system
comprising a momtoring system 1n the present embodiment
pertaining to the present invention;

FIG. 8 1s a diagram 1illustrating an installation example of
camera;

FIG. 9 1s a diagram showing a display example of a
monitoring image in the external terminal device according,
to a third embodiment;

FIG. 10 1s a flowchart showing a control procedure of the
vehicle monitoring system of the third embodiment;

FIG. 11 1s a flowchart showing a control procedure of the
vehicle monitoring system of a fourth embodiment;

FIG. 12A 1s a diagram showing an example of the
reference monitoring image at a reference monitoring timing,
in a monitoring system according to the fourth embodiment;

FIG. 12B 1s a diagram showing an example of a com-
parison 1mage at the momitoring time 1n the fourth embodi-
ment;

FIG. 13 1s a diagram showing an example of a difference
image between the reference monitoring image and the
comparison image 1n the monitoring system in the fourth
embodiment;

FIG. 14 1s a diagram for explaining the coordinate values
of the difference image shown in FIG. 13;

FIG. 15 1s a diagram showing an example of the moni-
toring 1mage transmitted to the outside in the monitoring
system 1n the fourth embodiment;

FIG. 16 1s diagram showing a method of generating a
monitoring 1mage for display in the external terminal device
in the fourth embodiment;

FIG. 17 1s a flowchart showing a control procedure of the
vehicle monitoring system of the fifth embodiment;

FIG. 18 15 a diagram for explaiming the generation method
of monitoring 1mage of the vehicle monitoring system 1n the
fifth embodiment; and

FIG. 19 1s a diagram for explaining a method of gener-
ating monitoring 1image for display in the external terminal
device 1n the fifth embodiment.

DETAILED DESCRIPTION

Below, explanation will be made with reference to the
accompanying drawings of a first embodiment according to
the present invention. In the present embodiment, explana-
tion will be made of the vehicle monitoring device according
to the present invention as applied to a monitoring device
100 for monitoring a moving body including a vehicle and
a vehicle monitoring system provided with this monitoring
device. Note that the monitoring object of the vehicle
monitoring device 1s not limited to vehicles. It 1s also
possible to monitor mobile bodies such as motorcycles,
boats, heavy equipment, and forkliits.

FIG. 1 1s a block diagram of a vehicle monmitoring system
1000 1ncluding a momtoring device 100 according to the
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present embodiment. As shown m FIG. 1, the vehicle
monitoring system 1000 according to the present embodi-
ment includes four cameras 1a~1d mounted 1n the vehicle
(to be collectively referred to as camera 1 1n some cases).

FIG. 2 1s a diagram showing an example of arrangement
when cameras la~1d are mounted on the vehicle V. The
cameras 1a to 1d are constructed by using an imaging device
such as CCD of (Charge Coupled Devices) and the like, and
are respectively disposed at different positions outside the
vehicle V to capture each image in the four directions around
the vehicle. For example, as shown 1n FIG. 2, the camera 1a
that 1s disposed at a predetermined position 1n front of the
vehicle V such as near a front grill, captures the 1mage of an
object or image of the road surface (front view 1mage) in the
front area SP1 of the vehicle and in the space in front
thereof. The camera 14 1nstalled at a predetermined position
ol the left side of the vehicle V such as the left side mirror
captures the image of an object or road surface present 1n the
left side area SP2 and 1n a space in its surrounding (leit side
view 1mage). The camera 1c placed at a predetermined
position of the rear of the vehicle V, such as a roof spoiler
captures an object or road surface present in the right side
area SP4 and 1n a space 1n 1ts surrounding (rear view image).
The camera 15 disposed at a predetermined position on the
right side of the vehicle V, such as the right side mirror
captures an i1mage ol an object and road surface present
camera to photograph an image of an object and the road
surface (right side view 1image) present 1n the area SP4 at the
right side of the vehicle and 1n a space of the surrounding
thereol. The control umt 10 receives each captured image
captured by the cameras 1a to 14, respectively. Note that the
number of cameras 1 installed and the installing positions
may be suitably determined 1n according to the size, shape,
or setting method of the detection region. The plurality of
cameras 1 are assigned an identifier corresponding to each
address (arrangement) so that the control unmit 10 may
identify each of the cameras 1 based on the identifier.
Further, the control unit 10 may send an activation command
and other commands to a specific camera 1 by the assigned
identifier.

As shown 1 FIG. 2, in the vicinity of the camera 1a~14,
proximity sensors 2a~2d are arranged. The proximity sen-
sors 2a to 24 can detect whether an object 1s present 1n a
specific area surrounding the vehicle V, or an object sur-
rounding the vehicle 1s approaching or departing from the
vehicle V. The sensor 2a~2d may be formed by ultrasonic
sensors, proximity sensors, infrared sensors, or capacitive
SENnsor.

Further, the vehicle monitoring system 1000 according to
the present embodiment imncludes a monitoring device 100,
a vehicle controller 200, a communication device 400, and
an external terminal device 800. The vehicle monitoring
system 1000 may comprise an 1gnition switch 300 that can
exchanges information with the vehicle controller 200. Each
of these devices can be connected through a vehicle-
mounted LAN CAN (Controller Area Network) and can
exchange information each other.

In the vehicle monmitoring system 1000 in the present
embodiment, the monitoring device 100 can communicate
with an external terminal device 800 (computer) equipped
with a mobile phone, smartphone or other communication
device 810 via the communication device each other. Fur-
ther, the external terminal device 800 1s provided with a
communication device 810, an 1mage processing device 820,
and a display 830. The communication device 810 obtains
the captured 1image from the side of the vehicle monitoring,
device 100, while the image processing device 820 executes
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image processing required for display in accordance with a
display mode (moving image/video, streaming, or still
image). The display 830 displays the captured image. A user
holding the external terminal device 800 may confirm the
captured 1mage of the vehicle transmitted from the vehicle
monitoring device using the external terminal device 800.

As shown in FIG. 1, the controller or control unit 10 of the
monitoring device 100 pertaining to present embodiment 1s
provided with a ROM 12 that stores programs for determin-
ing a monitoring level, and generating a monitoring image
in a display mode in accordance with the monitoring level to
transmit to the external terminal device 800, a CPU (Central
Processing Unit) that functions as the monitoring device 100
by executing the programs stored in the ROM 12, and a
RAM (Random Access Memory) 13 that functions as an
accessible storage unait.

The controller 10 of the monitoring device pertaining to
the present embodiment has a monitoring level determina-
tion function, a monitoring 1mage generating function, and
may perform each function by the collaboration of the
soltware to perform the transmission function and the hard-
ware described above. In the present embodiment, an
example of mode 1s described 1 which the controller 10
transmits each control instruction. However, the controller
10 1n the present embodiment may control the camera 1 and
the communication device 400 via a vehicle controller 200,
as well.

Though not particularly limited, the monitoring device
100 1n the present embodiment can start a momtoring
process when an OFF signal of an engine 1s iput to the
1ignition switch 300 and an electronic key having a commu-
nication function of the vehicle V 1s not present in the
vicinity of the vehicle V (i.e., the user carrying the electronic
key 1s remote from the vehicle), or when a request command
for transmission of the monitoring 1mage from the external
terminal device 800 of the user has been received. Inciden-
tally, the trigger of the monitoring process 1s not limited
thereto, but the monitoring device 100 may start the moni-
toring process such as, when a sonar (not shown) detects an
object around the vehicle V, when the door contact sensor
detects the abnormality such as the contact to door, when the
t1lt sensor detects an abnormal inclination of the vehicle
(such as ingress), when an abnormality detection sensor
detects the abnormality such as forcible opening of door or
cracking ol windows, when a monitoring target object 1s
detected from the image captured by the camera 1a, and
when a switch (not shown) for the monitoring device 100
has received an 1nput, efc.

Further, the monitoring device 100 pertaining to the first
embodiment 1s provided with an 1mage processing control
umt (IPCU). Using the image processing control unit, the
control device 10 analyses the captured images of each
camera 1, extracts an image corresponding to an object from
data of captured 1image, and determines based on a displace-
ment amount of the extracted image whether or not the
detected object 1s a moving object and, 11 yes, calculates the
displacement amount. The control unit 10 may calculate a
steady change 1n position or a change 1n position over time
of the object based on the change of the captured image.
Based on this steady change 1n the position of the object, the
control unit 10 may detect the monitoring target object. The
image processing may use a technique known 1n the field at
the time of the present application.

Heremafiter, description will be made of the monitoring
level determining function, the monitoring 1mage generating
function, and transmission function respectively performed
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by the monitoring device 100 pertaining to the present
embodiment according to the present invention.

First, the monitoring level decision function 1s described.
The control device 10 of the monitoring device 100 pertain-
ing to the present embodiment detects information (signal)
indicating the vehicle V or the situation in the vicinity of the
vehicle V and determines a monitoring level of the vehicle
based on the detected vehicle situation (information corre-
sponding to the vehicle condition).

The control device 10 pertaining to the present embodi-
ment considers the possibility that hazardous situation
would occur with the vehicle 1s high when “a monitoring
target object 1n the periphery of the vehicle V” 1s detected
from the 1image captured by the camera 1la~1d. The moni-
toring target object 1n the present embodiment 1s, for
example, a human that can move and 1s of a certain heights.
The control unit 10 may determine that a monitoring target
object has been detected when an 1mage corresponding to an
object with a predetermined height or more from the cap-
tured 1mage of the camera 1, and the position of the object
changes over time. For these processes, the image process-
ing control unit (IPCU) may be used. Further, the control
unit 10 can detect the presence of the moving monitoring
target object using the detection result of the proximity
sensors 2a to 2d.

In addition, the control device 10 of the present embodi-
ment analyses the captured image photographed by the
camera 1 over time, and, when *“the monitoring target object
approaching the vehicle V” 1s detected from the captured
image, considers the possibility with which the vehicle
would undergo the risk 1s high. The control device 10 may
determine that the monitoring target object 1s approaching
the vehicle V by the situations 1n which the area of the image
corresponding to the monitoring target object detected from
the captured image increases over time, or in which the
distance of the monitoring object 1s smaller over time.

The control device 10 1n the present exemplary embodi-
ment considers that the possibility 1s high risk of danger
occurs 1n the vehicle V when, from the captured 1mage, “a
monitoring target object 1s detected that stays for a prede-
termined time or more™ 1n the neighbor region of the vehicle
V. The control unit 10 may determine that the monitoring
target object stays 1n the neighborhood of the vehicle by
cither when the area of the object corresponding to the
monitoring target object detected from the captured image
assumes a predetermined value or more over a predeter-
mined time, or when the distance of presence of the moni-
toring target object detected by the proximity sensors 2a to
2d are less than a predetermined value over a predetermined
time.

Furthermore, the control device 10 in the present exem-
plary embodiment considers the possibility of high risk of
danger occurring when an abnormality signal has been
acquired by various vehicle condition detection sensors
provided with the vehicle V. As the abnormality detection
sensors, a contact sensor that detects contact of human body
and the like during a engine-ofl state, a unlocking sensor that
detects unlock of the door (forcible opening or pry), an
inclination sensor that detects the inclination of the vehicle
when the human body gets in the vehicle, and the like may
be used, which 1s known at the time of application.

On the other hand, the control device 10 1n the present
embodiment considers that the risk of danger with the
vehicle V 1s not high when a monitoring target object 1s not
detected from the captured image of the camera 1, or when
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the monitoring target object, even detected, goes away from
the vehicle V, or no abnormality signal 1s received from the
vehicle.

As described above, the controller 10 may, based on the
vehicle condition detected, associate in advance the vehicle
status and the monitoring level. FIG. 3 1s a diagram showing
an example of the correspondence relationship between the
monitoring level and the vehicle status. As shown 1in FIG. 3,
when an abnormality occurrence signal 1s acquired from the
vehicle, the monitoring level is set to level 7 which 1s most
enhanced since the abnormality has occurred in the vehicle
already and the status of urgency 1s deemed high. When the
monitoring target object detected by the captured 1mage of
the camera 1 1s staying a predetermined time or more, the
monitoring level will be determined as level 6 stringent next
to the level 7 since the possibility of doing harm on the
vehicle such as by trying to open the door of the vehicle 1s
high. Further, when the monitoring target object detected by
the captured image of the camera 1 1s approaching the
vehicle, the monitoring level 1s set to level 5 stringed next
to the level 6 since it 1s considered that the possibility 1s high
with which the vehicle 1s peeped 1nto for something or being
in reconnaissance. Then, when the monitoring target object
has been detected from the captured image of the camera 1,
the monitoring level 1s set to the next since such a situation
1s estimated 1n which a suspicious individual may touch the
vehicle. Though not specifically limited, the level 7 to level
4 may be defined as a reinforced level to strengthen super-
vision. As the monitoring level becomes higher, the number
that indicates the enhancement level to strengthen the moni-
toring will be 1ncreased.

As shown 1n the figure, when the monitoring target object
detected by the captured image of the camera i1s separating
from the vehicle, since the monitoring target object 1is
considered to be a passerby who passes near the vehicle, the
monitoring level 1s determined to be level 3 next to level 4.
When the object detected by the captured image of the
camera 1 1s a stationary object, since 1t 1s considered that the
one such as a building has been detected, the monitoring
level 1s determined to be even lower level 2. In this case,
when a request command for the monitoring image 1S
received from the external terminal device of the user, since
this 1s not a situation based on the condition of the vehicle,
the monitoring level may be determined to be even lower
level 1. Though not particularly limited, the levels 3 to 1
may be defined as a standard level requiring only for a
normal or ordinary monitoring.

Subsequently, a description will be given of the monitor-
ing 1mage generation function of the control device 10 of the
monitoring device 100 in the present embodiment. The
control device 10 of the present embodiment generate a
monitoring image based on the captured image captured by
the camera 1 1n a display mode with the number of frames
per unit time (hereinafter also referred to as frame rate)
obtained 1n accordance with the defined (determined) moni-
toring level. Incidentally, the frame rate i the present
embodiment means the number of frames per unit time. It 1s
possible to arbitrarily set the unit time described here, and
the unit time 1s not limited to one second.

The control unit 10 i1n the present embodiment, as
described above, generates a momitoring 1image any of the
images with diflerence frame rates among a moving 1mage,
streaming and a still 1image based on the captured image
captured by cameras mounted on the vehicle in accordance
with an enhanced level when the monitoring level 1s deter-
mined to be an enhanced level (for example, levels 7 to 4 in
FIG. 3). The control unit 10 1n the present embodiment
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generates with higher frame rates as the enhanced level 1s
higher. Specifically, the control device 10 i1n the present
embodiment generates a monitoring image of a still image of
the lowest frame rate when the monitoring level 1s at the
standard level (default monitoring level) while generating
the monitoring 1image of a streaming 1image or moving 1image
which have a higher frame rate than the still image when the
monitoring level 1s at a higher, enhanced level. The unit time
may be one second or several seconds. The still 1image 1s
intended to be a single 1mage to be captured or displayed per
unit time. In the streaming video or a moving video, a
plurality of 1mages are captured or displayed per unmit time.
The number of frames per unit time (frame rate) of the
moving 1mage 1s larger than the number of frames per unit
time (frame rate) ol the streaming image. Note that the
number of frames per unit time (frame rate) defined as the
streaming video and the number of framed per unit time
(frame rate) defined as the moving image are set appropri-
ately.

Thus, 1 cases where the monitoring level 1s determined
to be high and, in order to strengthen monitoring, such a
monitoring 1image 1s requested which makes the movement
of the monitoring target object around the vehicle discemn-
ible, a monitoring image such as a moving 1mage with high
frame rate or streaming video which distinguish the move-
ment may be generated/provided.

Further, the control device 10 1n the present embodiment
may generate a monitoring image (for example, still image)
in a display mode with a frame rate applicable at the timing
of normal monitoring (when the monitoring level 1s not
strengthened) 1n accordance with the standard level (moni-
toring level) when the momitoring level 1s determined to be
a standard level (e.g., at level 3 to 1 shown 1n FIG. 3). Note
that the display mode applicable during the normal moni-
toring 1s not limited to still images.

For example, the control unit in the present embodiment,
as shown 1n FIG. 3, when the momitoring level 1s at level 7,
the frame rate (Ips: frame per second) will be set about 30
and a monitoring 1mage will be generated in which 30
captured 1mages are able to be reproduced or renewable
continuously per unit time (for example, one second). In
other words, at a high monitoring level, the monitoring
image 1n moving image of high frame rate to make the
movement of the monitoring target object easier to grasp.
Further, as shown in the figure, as the momtoring level
lowers (the strengthening level of monitoring decreases), the
frame rate of the monitoring image may be reduced. Spe-
cifically, when the monitoring level 1s at level 6, the frame
rate may be set about 20, at level 5 about frame rate of 10,
at level 4 about frame rate of 5, respectively.

Incidentally, since the frame rate 1in the present embodi-
ment 1s the number of 1images to be reproduced per unit time,
it 1s possible to obtain a still image when i1t 1s 1, a monitoring
image ol the video when the frame rate 1s about 20 to 30.
And a monitoring 1mage of streaming video which, though
no smoothness of the video being available, shows by frame
advance the movement of the monitoring object. The higher
the number of frame rate goes up, a monitoring or surveil-
lance 1mage of smoothness and easy-to-grasp of the move-
ment of the monitoring target object 1s obtainable. On the
other hand, as the numerical value of the frame rate 1s
increased, the amount of data to be transmitted to the
external terminal device 800 also increases and the commu-
nication cost increases.

The control device 10 in the present embodiment can
generate a monitoring image at a default frame rate when the
monitoring level 1s at a normal or standard level of 3 or less.
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In the example shown 1 FIG. 3, when the monitoring level
1s at level 3, a still image at frame rate 1 may be generated.
In the present embodiment, although an example in which
the default frame rate 1s a single 1s shown, the value of a
plurality of two or three are also possible. Note that, as for
level 1 to level 3, 1t 15 possible to apply the same frame rate.

Incidentally, FIG. 3 merely shows an example of a frame
rate. The frame rate 1n accordance with the monitoring level
can be arbitrarily.

As described above, by generating a monitoring image of
frame rate according to the monitoring level, in the case
where such information 1s requested that urgently track the
motion of the monitoring target object, a moving 1mage or
streaming video with a high frame rate may be generated
while, at low check urgency and when it suilices to merely
confirm the state around the vehicle, a monitoring image of
small data amount may be generated although only a static
state at the frame rate of a single 1s discermible. Thus, 1t 1s
possible to reduce the amount of data by generating a
monitoring 1mage in the display mode different dependent
on the monitoring level while sending a still image when 1t
1s not necessary to track the motion. As a result, 1t 1s possible
to reduce the total amount of communication data when
transmitting the monitoring 1mage to an external terminal
device 800 and to reduce the communication cost of the
monitoring system during operation.

Furthermore, the control device 10 1n the present embodi-
ment can generate a monitoring 1image of the frame rate set
high in the number of frame rate per unit time acquired
depending on the momnitoring level when detection of the
monitoring level 1s made after sunset. After sunset, 1t 1s
generally dark and 1s dithicult 1n many cases to obtain a clear
captured 1mage. Therefore, the control device 10 in the
present embodiment corrects the frame rate obtained based
on the correspondence relationship shown 1n FIG. 3 higher
alter sunset. Generally, even in the nighttime when the
monitoring image becomes unclear, by increasing the frame
rate, 1t 1s possible to provide a high video frame rate for easy
identification of the movement of the monitored object.
Thus, during might, when the underexposure 1s a concern, by
increasing the frame rate, 1t 1s possible to provide a moni-
toring 1mage which shows the motion of the monitoring
target object clearly and preventing the monitoring image
from being obscured.

Incidentally, as a method for determining whether or not
it 1s after sunset, 1t 1s possible to determine by comparing the
time ol sunset information according to location and time on
the clock provided with the control device 10. Also, 1t 1s
possible to detect the brightness around the vehicle from a
brightness sensor mounted on the vehicle. The detection of
the surrounding brightness may be made by using a CCD
camera device 1.

On the other hand, when the time the monitoring level 1s
detected 1s before sunset, the control device 10 1s able to
correct the frame rate obtained in accordance with the
monitoring level lower or maintain the same.

In addition, for the captured image of the camera 1 that
detects the monitoring target object, the control device 10 1n
the present embodiment can increase the frame rate from the
viewpoint of obtaining a monitoring 1mage in the display
mode that can track the motion. Specifically, the control
device 10 can generates, when a monitoring target object 1s
included 1n the captured image captured by the camera 1, the
monitoring 1mage ol the picked up image captured by the
camera 1 in a display mode at a frame rate corrected higher
in accordance with the monitoring level.
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When an abnormality occurs on the vehicle or in vehicle
condition in the vicimity of the vehicle V, or when the
monitored object 1s detected, although a momitoring 1image
that may track the motion of the monitoring target object 1s
requested, there may be times where all the monitoring
images are not needed to be converted into the moving
image or streaming video. In the present embodiment, only
the display mode of any of the monitoring 1mage among the
cameras 1a to 14 1s set to a moving image or streaming video
while the monitoring 1images based on the captured 1mages
by the other cameras are set to still images, it 1s possible to
reduce the total amount of data of the monitoring 1mage to
be finally transmitted to the external terminal device 800
while maintaining the capability to track the motion of the
monitoring target object.

Furthermore, the control device 10 1n the present embodi-
ment can increase the frequency at when the monitoring
image 1s generated when the monitoring level 1s determined
at an enhanced level. When an abnormality occurs on the
vehicle V or i vehicle condition of the surroundings of the
vehicle V, or when the monitoring target object 1s detected,
the control device 10 1n the present embodiment create the
most recent monitoring image at a high frequency. When the
generated monitoring 1mage 1s transmitted to the external
terminal device 800, the user confirms the latest vehicle
condition real time by way of the external terminal device
800.

Finally, a description 1s give of the communication func-
tions of the control device 10 in the present embodiment.
The control device 10 may transmit to an external terminal
device 800 by using a communication line 900 available as
a public communication network the information including
the generated monitoring image. The control unit 10 can
store, when the monitoring 1mage 1s a moving 1mage, stores
as a single moving 1mage file, while, when the monitoring
image 1s a streaming video, stores mm a mode in which
transmission and reproduction may be possible in a stream-
ing method.

The following describes the procedure of the vehicle
monitoring system 1000 in the present embodiment accord-
ing to the present invention. FIG. 4 1s a flowchart showing
a control procedure of the vehicle monitoring system 1000
according to the present embodiment.

In step 10, the controller 10 of the monitoring device 100
in the present embodiment determines whether or not the
control 1s 1n the monitoring start time. In the present
embodiment, 1 a case a vehicle key 1s not present nearby
with engine off, the control device recognizes the time at
which a request command for monitoring 1mage from the
external terminal device 800 of the user’s possession as the
monitoring start timing to start the monitoring process.

In step 11, the monitoring device 100 acquires vehicle
condition information indicating a situation of the vehicle or
that 1n the vicmity of the vehicle V. More specifically, the
monitoring device 100 acquires each captured image of the
imaging region when the abnormality signal from the vari-
ous vehicle state detection sensors such as a door contact
sensor, an inclination sensor, an abnormality detection sen-
sor 1s detected.

In step 12, the control device 10, upon acquiring the
abnormality occurrence signal from various vehicle condi-
tion detection sensors such as a door contact sensor, an
inclination sensor, and an abnormality detection sensor,
proceeds to step 17.

If an error occurrence signal 1s not detected, the process
proceeds to step 13, the control device 10 determines
whether or not the monitoring target object 1s present based
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on the captured image captured by the camera 1. If the
monitoring target object 1s not even present, process waits
for a monitoring 1mage request 1 step 16, and, unless the
monitoring 1mage request 1s mput, the control continues to
perform step 11 and subsequent process. When the moni-
toring 1mage request 1s received 1n step 16, control proceeds
to step 17.

When the monitoring target object 1s detected 1n step 13,
determination 1s made in step 14 whether or not the moni-
toring target object 1s approaching the vehicle. In step 14,
though the monitoring target object being detected, when no
approach 1s determined, control proceeds to step 17.

On the other hand, when the monitoring target object 1s
detected and 1s approaching the vehicle, control proceeds
turther to step 135 to determine whether or not the monitoring
target object 1s staying in the vicinity of the vehicle for a
predetermined time or more. In step 135, though the moni-
toring target object being present and approaching the
vehicle, when 1t does not stay for the predetermined time or
more, or, when the momtoring target object 1s present and
approaching the vehicle, and staying for the predetermined
time, the control proceeds in both cases to step 17.

In step 17, the controller 10 determines the monitoring
level of the vehicle V based on the vehicle condition that 1s
acquired 1n the course of steps 12 to 16. In determining the
monitoring level, 1t 1s possible to refer to the correspondence
relationship shown 1n FIG. 3.

After determining the monitoring level, in step 18, the
controller 10 determines the frame rate or display mode
according to the monitoring level. In determining the moni-
toring level, 1t 1s possible to refer to the correspondence
relationship shown 1n FIG. 3. In step 19 that follows, the
control unit 10 generates a monitoring image in the display
mode according to the frame rate calculated. The monitoring,
image generated 1s stored at least temporarily.

In step 20, the controller 10 transmits to the external
terminal device 800 the information mcluding the monitor-
ing 1mage generated and the process 1s repeated until ter-
mination of the monitoring process has been determined to
be completed.

In step 31, in the external terminal device 80, the com-
munication device 810 receirves the monitoring 1image sent
from the momitoring device 100, performs the necessary
image processing by the image processing device 820 1n step
32, and the display 830 displays the information including
the monitoring 1mage in the specified display mode.

In the present embodiment, an example has been
described 1n which the monitoring device 100 1s disposed on
the vehicle V. However, the monitoring method of the
vehicle pertaining to the present embodiment according to
the present invention, 1n a server (computer, control device)
capable of exchanging information with clients (computer,
control device) that can control the camera 1 and commu-
nication device 400, a part or all the process may be
performed. The server can be placed separated from the
client.

The monitoring device 100 and the vehicle monitoring
system 100 composed and operable as above exhibit

According to the monitoring device 100 in the present
embodiment, since the monitoring 1mage of the captured
image captured by the camera 1 mounted on the vehicle V
1s sent to the external terminal device 800 in a display mode
obtained based on the monitoring level determined based the
vehicle or vehicle condition of the surroundings of the
vehicle, the monitoring target image 1s indicated in an
appropriate display mode and, compared to the case 1n
which the captured image of camera 1s transmitted as 1t 1s,
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the total amount of data of the monitoring 1image to be sent
to monitor the surroundings of the vehicle may be reduced.
As a result, the transmission cost required for monitoring,
vehicles may be reduced.

In the case of using the monitoring method of the vehicle
in the present embodiment, the same operation as the
monitoring device 100 is performed to attain the same eflect.

According to the momitoring device 100 pertaining to the
present embodiment, when presence ol a monitoring target
object 1s detected from the captured image, the monitoring
level of the vehicle V 1s determined to be an enhanced level,
and the monitoring 1image of the moving 1image or streaming
video with a frame rate higher than the normal frame rate 1s
transmitted to the external terminal device 800. Thus, when
reinforcing the monitoring by increasing the frame rate the
monitoring 1mage of moving image or streaming video that
can track the motion of the monitoring target object is
generated. When there 1s no need to reinforce the monitoring
by lowering the frame rate a monitoring 1image of small data
amount may be generated. Consequently, the transmission
cost required for vehicle monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring target object
approaching the vehicle V from the captured image captured
by the camera 1 has been detected, the monitoring level of
the vehicle V 1s determined to be the enhanced level, and
since the monitoring 1mage of moving image or streaming
video with a frame rate higher than the normal frame rate to
the external terminal device 800, when reinforcing moni-
toring by increasing the frame rate the monitoring 1image of
the moving image or streaming video that can track the
motion of the monitoring target object 1s generated, and
when there 1s no need to reinforce the monitoring, by
lowering the frame rate the monitoring image of small data
amount may be generated. Consequently, the transmission
cost required for vehicle monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when a monitoring target object 1s
detected 1n the vicinity of the vehicle which 1s staying for a
predetermined time or more, the monitoring level of the
vehicle V 1s determined to be an enhanced level, since the
monitoring 1image of moving image or streaming video with
a frame rate higher than the normal frame rate to the external
terminal device 800, when reinforcing the monitoring by
increasing the frame rate the monitoring 1image of moving
image or streaming video that can track the motion of the
monitoring target object 1s generated, and when there 1s no
need to enhance the monitoring, by lowering the frame rate
a momtoring image of small data amount may be generated.
Consequently, the transmission cost required for vehicle
monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when acquiring the abnormality signal
from the vehicle V, the monitoring level 1s determined to be
an enhanced level and since the monitoring image of moving
image or streaming video with frame rate higher than the
normal frame rate 1s transmitted to the external terminal
device 800, when reinforcing the monitoring by increasing
the frame rate the monitoring 1mage of moving 1mage or
streaming video with a frame rate higher than the normal
frame rate that can track the motion of the monitoring target
object 1s generated, and when there 1s no need to reinforce
the momtoring by lowering the frame rate a monitoring,
image ol small data amount may be generated. Conse-
quently, the transmission cost required for vehicle monitor-
ing may be reduced.
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According to the monitoring device 100 pertaining to the
present embodiment, 1n the case of obtaining the request for
a monitoring 1mage irom the external terminal device 800,
the monitoring level of the vehicle 1s determined to be a
standard level, and since the monitoring image 1n a display
mode with equal to or lower frame rate than the normal
frame rate 1s transmitted to the external terminal device 800,
when there 1s no need to reinforce the monitoring by
lowering the frame rate the monitoring 1image of small data
amount may be generated. Consequently, the transmission
cost required for vehicle monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring level 1s detected
alfter sunset, since the monitoring image of the captured
image the frame rate of which 1s corrected higher 1s trans-
mitted to the external terminal device 800, during night
where the underexposure 1s a concern, the monitoring image
will be prevented from being obscure due to lowering of the
frame rate.

According to the monitoring device 100 pertaining to the
present embodiment, since the captured 1mage captured by
the camera 1 that picks up the captured image including a
monitoring target object 1s corrected with a high frame rate
according to the momitoring level and sent 1in a display mode
after the correction to the external terminal device 800, only
the captured image of the camera 1 that has picked up the
captured 1mage including an 1mage corresponding to the
monitoring target object 1s generated 1n a moving 1image or
streaming video with high frame rate and the remaining
captured 1images are generated 1n a still image of lower frame
rate, the total amount of the data of the monitoring 1image to
the external terminal device 800 may be eventually reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring level i1s deter-
mined to be an enhanced level, since the frequency of
monitoring 1image generation may be increased, at the time
ol reinforced monitoring where the most recent monitoring
image 1s required, the latest monitoring image at high
frequency may be generated for transmission to the external
terminal device 800. Thus, the user may confirm the latest
vehicle condition by the external terminal device 800.

Next, a description will be given of a monitoring device
100 and a vehicle monitoring system provided with the
monitoring device 100 1n a second embodiment. Because the
configuration of the monitoring device 100 and the vehicle
monitoring system 1000 1n the second embodiment 1s basi-
cally common to the configuration of the monitoring appa-
ratus 100 and the vehicle monitoring system 1000 1n the first
embodiment shown i FIGS. 1 and 2, the description in the
first embodiment 1s referenced to for the common matters
and description below 1s made mainly on the differences.

Heremaftter, description will be given of a monitoring
level determination function, a monitoring 1image generation
function, and a transmission function performed by the
monitoring device 100 pertaining to the present embodiment
according to the present invention,

First, the monitoring level determination function 1s
described. The control device 10 of the monitoring device
100 pertaining to the present embodiment detect information
(signal) indicating the vehicle V or the surrounding condi-
tion of the vehicle V and determines a monitoring level of
this vehicle based on the detected vehicle condition (infor-
mation according to the vehicle condition).

The control device 10 of the present embodiment consid-
ers the probability of hazard occurrence on the vehicle to be
high, when “a monitoring target object present in the periph-
ery of the vehicle V7 1s detected. The monitoring target
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object 1n the present embodiment 1s, for example, a human
that can move and 1s of a certain heights. The control unit 10
may determine that a monitoring target object has been
detected when an 1mage corresponding to an object with a
predetermined height or more from the captured 1mage of
the camera 1, and the position of the object changes over
time. For these processes, the image processing control unit
(IPCU) may be used. Further, the control unit 10 can detect
the presence of the moving monitoring target object using,
the detection result of the proximity sensors 2a to 2d.

In addition, the control device 10 of the present embodi-
ment analyses the captured image photographed by the
camera 1 over time, and, when ““‘the monitoring target object
approaching the vehicle V” 1s detected from the captured
image, considers the possibility with which the vehicle
would undergo the risk 1s high. The control device 10 may
determine that the monitoring target object 1s approaching
the vehicle V by the situations 1n which the area of the image
corresponding to the monitoring target object detected from
the captured image increases over time, or in which the
distance of the monitoring object 1s smaller over time.

The control device 10 1n the present exemplary embodi-
ment considers that the possibility 1s high risk of danger
occurs 1n the vehicle V when, from the captured 1mage, “a
monitoring target object 1s detected that stays for a prede-
termined time or more’ 1n the neighbor region of the vehicle
V. The control unit 10 may determine that the monitoring
target object stays i1n the neighborhood of the vehicle by
either when the area of the object corresponding to the
monitoring target object detected from the captured image
assumes a predetermined value or more over a predeter-
mined time, or when the distance of presence of the moni-
toring target object detected by the proximity sensors 2a to
2d are less than a predetermined value over a predetermined
time.

Furthermore, the control device 10 in the present exem-
plary embodiment considers the possibility of high risk of
danger occurring when an abnormality signal has been
acquired by various vehicle condition detection sensors
provided with the vehicle V. As the abnormality detection
sensors, a contact sensor that detects contact of human body
and the like during an engine-ofl state, a unlocking sensor
that detects unlock of the door ({orcible opening or pry), an
inclination sensor that detects the inclination of the vehicle
when the human body gets in the vehicle, and the like may
be used, which 1s known at the time of application.

On the other hand, the control device 10 1n the present
embodiment considers that the rnisk of danger with the
vehicle V 1s not high when a monitoring target object 1s not
detected from the captured image of the camera 1, or when
the monitoring target object, even detected, goes away from
the vehicle V, or no abnormality signal 1s received from the
vehicle.

As described above, the controller 10 may, based on the
vehicle condition detected, associate 1n advance the vehicle
status and the monitoring level. FIG. 3 1s a diagram showing
an example of the correspondence relationship between the
monitoring level and the vehicle status. As shown in FIG. 3,
when an abnormality occurrence signal 1s acquired from the
vehicle, the monitoring level 1s set to level 7 which 1s most
enhanced since the abnormality has occurred in the vehicle
already and the status of urgency 1s deemed high. When the
monitoring target object detected by the captured image of
the camera 1 1s staying a predetermined time or more, the
monitoring level will be determined as level 6 stringent next
to the level 7 since the possibility of doing harm on the
vehicle such as by trying to open the door of the vehicle 1s
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high. Further, when the monitoring target object detected by
the captured image of the camera 1 i1s approaching the
vehicle, the monitoring level 1s set to level S stringed next
to the level 6 since 1t 1s considered that the possibility 1s high
with which the vehicle 1s peeped 1nto for something or being
in reconnaissance. Then, when the monitoring target object
has been detected from the captured image of the camera 1,
the monitoring level is set to the next since such a situation
1s estimated 1in which a suspicious individual may touch the
vehicle. Though not specifically limited, the level 7 to level
4 may be defined as a remnforced level to strengthen super-
vision. As the monitoring level becomes higher, the number
that indicates the enhancement level to strengthen the moni-
toring will be increased.

As shown 1n the figure, when the monitoring target object
detected by the captured image of the camera 1s separating
from the vehicle, since the monitoring target object 1s
considered to be a passerby who passes near the vehicle, the
monitoring level 1s determined to be level 3 next to level 4.
When the object detected by the captured image of the
camera 1 1s a stationary object, since 1t 1s considered that the
one such as a building has been detected, the monitoring
level 1s determined to be even lower level 2. In this case,
when a request command for the monitoring image 1S
received from the external terminal device of the user, since
this 1s not a situation based on the condition of the vehicle,
the monitoring level may be determined to be even lower
level 1. Though not particularly limited, the levels 3 to 1
may be defined as a standard level requiring only for a
normal or ordinary monitoring.

Subsequently, a description will be given of the monitor-
ing 1mage generation function of the control device 10 of the
monitoring device 100 in the present embodiment. The
control device 10 1n the present embodiment generates a
monitoring image compressing the captured image captured
by the camera 1 at the compressibility in accordance with the
determined monitoring level.

The control device 10 in the present embodiment can
generate, as described above, when the monitoring level 1s
determined to be an enhanced (e.g. levels 7 to 4 shown 1n
FIG. 5), a monitoring image compressing the captured
image captured by the camera 1 at compressibility lower
than a standard compressibility applicable at level other than
the enhanced level. Thus, when the monitoring level 1s
determined to be high and a detailed monitoring 1mage with
low data compressibility 1s requested, 1t i1s possible to
generate and provide a monitoring 1image of good quality at
low data compressibility.

Further, when the monitoring level 1s determined to be a
normal level (e.g., levels 3 to 1 shown in FIG. 5) as
described above, 1n accordance with the normal level, the
control device 10 1n the present embodiment can generate a
monitoring 1mage compressing the captured 1mage of cam-
era 1 at a standard compressibility (default compression) or
more which 1s applied at the time of normal monitoring
(when the monitoring level 1s not enhanced).

Though not particularly limited, the control unit 1n the
present embodiment generates, as shown in FIG. 5, when the
monitoring level 1s at level 7, a monitoring 1image at 100%
of compressibility, 1.e., as 1t 1s 1n the captured condition. In
other words, when the monitoring level 1s high, 1t 1s possible
to generate a monitoring 1mage not deteriorated 1n the image
quality of the captured image. Further, as shown in the
figure, as the monitoring level lowers (the strengthening
level of monitoring decreases), the compressibility to gen-
crate the monitoring 1image may be increased. Specifically,
when the monitoring level 1s at level 6, the compressibility
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may be set 90%, at level 5 80%, at level 4 at 70%,
respectively. In addition, since the compressibility repre-
sents a degree of compression or compression ratio in the
present embodiment, i1t 1s possible to obtain image data
identical to the original image data at a 100% compression
ratio, at 50% the original data amount may be reduced to a
half. In other words, as the value of compressibility lowers,
the degree of compression will be higher.

The control device 10 in the present embodiment can
generate a monitoring 1mage at a default, standard com-
pressibility or less when the monitoring level 1s at a normal
or standard level of 3 or less. In the example shown in FIG.
5, when the monitoring level 1s at level 3, the compressibility
may be set to 60%, at the monitoring level being level 2 the
compressibility to 50%, and at the monitoring level being
level 1 compressibility to 40%, respectively. For the levels
3 to 1, a common, standard compressibility may be appli-
cable.

Incidentally, FIG. 5 merely shows an example of the
compressibility or compression ratio, and the compressibil-
ity or the standard compressibility may be set arbitrarily
corresponding to the monitoring level.

As described above, by generating a monitoring image by
compressing the captured image at compressibility accord-
ing to the monitoring level, in the case where detailed
information 1s requested urgently, the monitoring 1image of
good 1mage quality at low compressibility may be gener-
ated, whereas, 1n the case where the urgency 1s low and such
information 1s requested that urgently track the motion of the
monitor detailed information 1s required, a monitoring
image of small data amount may be generated, though the
image quality being low due to high compressibility. As a
result, 1t 1s possible to reduce the total amount of commu-
nication data when transmitting the monitoring image to an
external terminal device 800 and to reduce the communica-
tion cost of the monitoring system during operation.

Furthermore, the control device 10 1n the present embodi-
ment can generate a monitoring image of the compressibility
alter correcting to a lower compressibility acquired in accor-
dance with the monitoring level when detection of the
monitoring level 1s made after sunset. After sunset, 1t 1s
generally dark and 1s difficult in many cases to obtain a clear
captured image. Therefore, the control device 10 i the
present embodiment corrects the compressibility acquired
based on the correspondence relationship shown i FIG. 5
lower after sunset. Thus, during night, when the underex-
posure 1s a concern, by lowering the compressibility, 1t 1s
possible to prevent the monitoring image from being
obscured.

Incidentally, as a method for determining whether or not
it 1s after sunset, 1t 1s possible to determine by comparing the
time of sunset information according to location and time on
the clock provided with the control device 10. Also, 1t 1s
possible to detect the brightness around the vehicle from a
brightness sensor mounted on the vehicle. The detection of
the surrounding brightness may be made by using a CCD
camera device 1.

On the other hand, when the time the monitoring level 1s
detected 1s before sunset, the control device 10 1s able to
correct the compressibility acquired in accordance with the
monitoring level higher or maintain the same.

In addition, for the captured image of the camera 1 that
detects the monitoring target object, the control device 10 1n
the present embodiment can lower the compressibility from
the viewpoint of obtaining a detailled monitoring image.
Specifically, the control device 10 can generates, when a
monitoring target object 1s included in the captured image
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captured by the camera 1, the monitoring image of the
picked up 1mage captured by the camera 1 after correcting
the compressibility to be set 1n accordance with the moni-
toring level lower.

When an abnormality occurs on the vehicle or 1n vehicle
condition 1n the vicinity of the vehicle V, or when the
monitored object 1s detected, although a detailed monitoring
image 1s required, not all the monitoring 1images are needed
to be displayed. In the present embodiment, only any of the
captured 1mages of the cameras 1a to 14 that has captures a
picked up 1image corresponding to a monitoring target object
are compressed to at low compressibility while the captured
images of the other cameras 1a to 14 are compressed 1n high
compressibility. Thus, 1t 1s possible to reduce the total
amount of data of the monitoring 1image to be eventually
transmitted to the external terminal device 800 while main-
taining the high quality of the image that has captured the
monitoring target object.

Furthermore, the control device 10 1n the present embodi-
ment can increase the frequency at when the monitoring
image 1s generated when the momitoring level 1s determined
at an enhanced level. When an abnormality occurs on the
vehicle V or 1n vehicle condition of the surroundings of the
vehicle V, or when the monitoring target object 1s detected,
the control device 10 1n the present embodiment create the
most recent monitoring image at a high frequency. When the
generated monitoring 1image 1s transmitted to the external
terminal device 800, the user confirms the latest vehicle
condition real time by way of the external terminal device
800.

Finally, a description 1s give of the communication func-
tions ol the control device 10 in the present embodiment.
The control device 10 may transmit to an external terminal
device 800 the information including the generated moni-
toring 1mage by using a communication line 900 available as
a public communication network. The monitoring image can
be stored as a single moving 1mage file or 1n a mode in which
transmission and reproduction i1s available 1 a streaming
method.

The following describes the procedure of the vehicle
monitoring system 1000 in the present embodiment accord-
ing to the present invention. FIG. 6 1s a flowchart showing
a control procedure of the vehicle monitoring system 1000
according to the present embodiment.

In step 10, the controller 10 of the monitoring device 100
in the present embodiment determines whether or not the
control 1s 1 the monitoring start time. In the present
embodiment, 1 a case a vehicle key 1s not present nearby
with engine off, the control device recognizes the time at
which a request command for monitoring 1mage from the
external terminal device 800 of the user’s possession as the
monitoring start timing to start the monitoring process.

In step 11, the monitoring device 100 acquires vehicle
condition mnformation indicating a situation of the vehicle or
that 1n the vicmity of the vehicle V. More specifically, the
monitoring device 100 acquires each captured image of the
imaging region when the abnormality signal from the vari-
ous vehicle state detection sensors such as a door contact
sensor, an inclination sensor, an abnormality detection sen-
sor 1s detected.

In step 12, the control device 10, upon acquiring the
abnormality occurrence signal from various vehicle condi-
tion detection sensors such as a door contact sensor, an
inclination sensor, and an abnormality detection sensor,
proceeds to step 17.

If an error occurrence signal 1s not detected, the process
proceeds to step 13, the control device 10 determines
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whether or not the monitoring target object 1s present based
on the captured image captured by the camera 1. If the
monitoring target object 1s not even present, process waits
for a monitoring 1mage request 1n step 16, and, unless the
monitoring image request 1s mput, the control continues to
perform step 11 and subsequent process. When the moni-
toring 1mage request 1s received 1n step 16, control proceeds
to step 17.

When the monitoring target object 1s detected in step 13,
determination 1s made in step 14 whether or not the moni-
toring target object 1s approaching the vehicle. In step 14,
though the monitoring target object being detected, when no
approach 1s determined, control proceeds to step 17.

On the other hand, when the monitoring target object 1s
detected and 1s approaching the vehicle, control proceeds
turther to step 135 to determine whether or not the monitoring
target object 1s staying in the vicimty of the vehicle for a
predetermined time or more. In step 135, though the moni-
toring target object being present and approaching the
vehicle, when 1t does not stay for the predetermined time or
more, or, when the monitoring target object 1s present and
approaching the vehicle, and staying for the predetermined
time, the control proceeds in both cases to step 17.

In step 17, the controller 10 determines the monitoring,
level of the vehicle V based on the vehicle condition that 1s
acquired 1n the course of steps 12 to 16. In determining the
monitoring level, 1t 1s possible to refer to the correspondence
relationship shown 1n FIG. §.

After determining the momnitoring level, 1n step 18, the
controller 10 determines the compressibility according to the
monitoring level. In determining the monitoring level, 1t 1s
possible to refer to the correspondence relationship shown in
FIG. 5. In step 19 that follows, the control unit 10 generates
a monitoring 1image compressed according to the calculated
compressibility. The monitoring image generated 1s stored at
least temporarily.

In step 20, the controller 10 transmits to the external
terminal device 800 the information including the monitor-
ing 1mage generated and the process 1s repeated until ter-
mination of the monitoring process has been determined to
be completed.

In step 31, 1n the external terminal device 80, the com-
munication device 810 receives the monitoring 1mage sent
from the monitoring device 100, performs the necessary
image processing by the image processing device 820 1n step
32, and the display 830 displays the mformation including
the monitoring 1mage in the specified display mode.

In the present embodiment, an example has been
described 1n which the monitoring device 100 1s disposed on
the vehicle V. However, the monitoring method of the
vehicle pertaining to the present embodiment according to
the present mvention, 1n a server (computer, control device)
capable of exchanging information with clients (computer,
control device) that can control the camera 1 and commu-
nication device 400, a part or all the process may be
performed. The server can be placed separated from the
client.

The monitoring device 100 and the vehicle monitoring
system 100 composed and operable as above produce the
following results.

According to the monitoring device 100 1n the present
embodiment, since the monitoring 1mage of the captured
image captured by the camera 1 mounted on the vehicle V
1s sent to the external terminal device 800 at the compress-
ibility calculated according to the monitoring level deter-
mined based on the vehicle or vehicle condition of the
surroundings of the vehicle, the total amount of monitoring
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image data for monitoring the surroundings of the vehicle
may be reduced compared to the case 1n which transmission
1s made constantly at a prefixed compressibility. As a result,
the transmission cost required for monitoring vehicles may
be reduced.

In the case of using the monitoring method of the vehicle
in the present embodiment, the same operation as the
monitoring device 100 is performed to attain the same eflect.

According to the monitoring device 100 pertaining to the
present embodiment, when presence ol a monitoring target
object 1s detected from the captured image, the monitoring
level of the vehicle V 1s determined to be an enhanced level,
and the monitoring 1mage of the captured image compressed
at a lower compressibility than a normal, standard com-
pressibility 1s transmitted to the external terminal device
800. Thus, when reinforcing the monitoring by lowering the
compressibility a monitoring image of high quality may be
generated. When there 1s no need to reinforce the monitoring
by increasing the compressibility a monitoring image of
small amount of data may be generated. Consequently, the
transmission cost required for vehicle monitoring may be
reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring target object
approaching the vehicle V from the captured image captured
by the camera 1 has been detected, the monitoring level of
the vehicle V 1s determined to be the enhanced level, and
since the monitoring image that compresses the captured
image at a compressibility lower than the normal, standard
compressibility 1s transmitted to the external terminal device
800, when reinforcing monitoring by lowing the compress-
ibility a monitoring 1image of good image quality may be
generated. When there 1s no need to reinforce the monitor-
ing, by increasing the compressibility the monitoring image
of small data amount may be generated. Consequently, the
transmission cost required for vehicle monitoring may be
reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when a monitoring target object 1s
detected 1n the vicinity of the vehicle which 1s staying for a
predetermined time or more, the monitoring level of the
vehicle V 1s determined to be an enhanced level. Since the
monitoring image that 1s obtained by compressing the cap-
tured 1mage at a compressibility lower than the normal,
standard compressibility 1s transmitted to the external ter-
minal device 800, when reinforcing the monitoring by
lowering the compressibility the monitoring image of high
quality 1s generated, and when there 1s no need to enhance
the monitoring, by increasing the compressibility a moni-
toring 1mage of small data amount may be generated.
Consequently, the transmission cost required for vehicle
monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when acquiring the abnormality signal
from the vehicle V, the monitoring level 1s determined to be
an enhanced level and since the monitoring 1mage com-
pressed from the captured image at a compressibility lower
than the normal, standard compressibility 1s transmitted to
the external terminal device 800, when reinforcing the
monitoring by lowering the compressibility the monitoring
image of high quality 1s generated, and when there 1s no need
to reinforce the monitoring by increasing the compressibility
a monitoring 1image of small data amount may be generated.
Consequently, the transmission cost required for vehicle
monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, in the case of obtaining the request for
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a monitoring 1mage from the external terminal device 800,
the monitoring level of the vehicle 1s determined to be a
standard level, and since the monitoring image that 1s
compressed at the compressibility equal to or higher than the
standard compressibility 1s transmitted to the external ter-
minal device 800. Thus, when there 1s no need to reinforce
the monitoring by increasing the compressibility higher than
the standard compressibility the monitoring 1image of small
data amount may be generated. Consequently, the transmis-
sion cost required for vehicle monitoring may be reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring level 1s detected
alter sunset, since the monitoring 1mage of the captured
image the frame rate of which 1s corrected higher 1s trans-
mitted to the external terminal device 800, when during
night the underexposure 1s a concern, by lowering the frame
rate the monitoring 1mage will be prevented from being
obscure.

According to the monitoring device 100 pertaining to the
present embodiment, since the captured image captured by
the camera 1 that picks up the captured image including a
monitoring target object 1s corrected with a high frame rate
according to the monitoring level and sent 1in a display mode
after the correction to the external terminal device 800, only
the captured image of the camera 1 that has picked up the
captured 1mage including an 1mage corresponding to the
monitoring target object 1s generated 1n a moving 1mage or
streaming video with high frame rate and the remaining
captured 1mages are generated 1n a still image of lower frame
rate, the total amount of the data of the monitoring 1image to
the external terminal device 800 may be eventually reduced.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring level 1s deter-
mined to be an enhanced level, since the frequency of
monitoring 1image generation may be increased, at the time
of reinforced monitoring where the most recent monitoring
image 1s required, the latest monitoring image at high
frequency may be generated for transmission to the external
terminal device 800. Thus, the user may confirm the latest
vehicle condition by the external terminal device 800.

The vehicle monitoring system 1000 and the monitoring,
apparatus 100 according to the above exemplary embodi-
ment produce the following results.

According to the monmitoring apparatus 100 according to
the present exemplary embodiment, the compression rate
calculated 1n accordance with the level of monitoring is
determined based on the vehicle condition 1n the vicinity of
the vehicle V, and captured by one camera installed 1n the
vehicle V. Since the sending to the external terminal device
800 a monitoring 1mage obtained by compressing the cap-
tured 1mage, than when it 1s delivered at the compression
rate constant, the total amount of data of the monitoring
image to be transmitted 1s reduced 1n order to monitor the
surroundings of the vehicle. As a result, 1t 1s possible to
reduce the communication cost required for monitoring the
vehicle.

Even when using the method of monitoring the vehicle V
in the present exemplary embodiment, it 1s possible to exert
the same action as a monitoring device 100, to obtain the
same ellects.

According to the monitoring apparatus 100 according to
the present exemplary embodiment, when the presence of
the monitored object 1s detected, from the 1mage captured by
the camera 1, the enhanced level monitoring level of the
vehicle V and the standard conventional compression are
determined. Due to compressing the captured image com-
pression rate lower than the rate required to generate a
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monitoring 1mage with good quality, to lower the compres-
sion rate and enhance the monitoring time to strengthen
monitoring, it 1s possible to generate a momitoring 1mage
having a small amount of data by increasing the compres-
sion ratio 1f no. As a result, i1t 1s possible to reduce the
communication cost required for monitoring the vehicle.

According to the monitoring apparatus 100 according to
the present exemplary embodiment, when the monitored
object approaching the vehicle V from the captured image
captured by the camera 1 has been detected, monitoring
level of the vehicle V 1s determined to be the enhanced level.
Since the monitoring 1mage that compresses the captured
image at the compressibility lower than the normal standard
compressibility 1s transmitted to the external terminal device
800, a monitoring 1mage with good quality to lower the
compression ratio 1s generated, 1t 1s possible to generate a
monitoring 1mage having a small amount of data by increas-
ing the compression ratio when there 1s no need to be
strengthened. As a result, 1t 1s possible to reduce the com-
munication cost required for monitoring the vehicle.

According to the monitoring apparatus 100 according to
the present exemplary embodiment, when the monitored
object to stay predetermined time or longer 1n the neighbor
region of the vehicle V from the captured image captured by
the camera 1 has been detected, and enhance the monitoring
level of the vehicle V 1t 1s determined that the level, since the
transmitted to the external terminal device 800 monitoring
image obtained by compressing the captured image in the
lower compression ratio than the standard normal compres-
sion ratio, the monitoring 1mage with good quality and a
lower compression ratio when strengthen supervision 1t 1s
possible to generate a monitoring 1mage having a small
amount of data by increasing the compression ratio when
there 1s no need to generate and strengthen the monitoring.
As a result, 1t 1s possible to reduce the communication cost
required for monitoring the vehicle.

According to the monitoring apparatus 100 according to
the present embodiment, when acquiring the abnormality
signal from the vehicle V, enhanced level monitoring level
of the vehicle V 1s determined, and the captured 1mage 1s 1n
the lower compression ratio than the standard normal com-
pression ratio. Since the images sent to the external terminal
device 800 were compressed, the compression ratio can be
increased when there 1s no need to generate a monitoring
image with good quality to lower the compression rate and
enhance the monitoring time to strengthen monitoring it 1s
possible to generate a monitoring 1mage having a small data
amount. As a result, 1t 1s possible to reduce the communi-
cation cost required for monitoring the vehicle.

According to the monitoring apparatus 100 according to
the present exemplary embodiment, 1n the case of obtaining
the request monitoring 1mage from the external terminal
device 800, the normal level monitoring level of the vehicle
V, and the compression ratio of the standard compression
ratio are determined. Since the monitoring image sent to the
external terminal device 800 1s obtained by compressing the
captured 1mage, 1t 1s possible to generate a monitoring 1mage
having a small amount of data to a standard compression
ratio or compression ratio when it 1s not necessary to
strengthen the monitoring. As a result, it 1s possible to reduce
the communication cost required for monitoring the vehicle.

According to the monitoring apparatus 100 1n the present
embodiment, since the monitoring 1mage that compresses
the captured 1image at a compression set low 1s transmitted
to the external terminal device 800, during night and when
the underexposure 1s a concern, 1t 1s possible to prevent the
monitoring image ifrom being obscure.
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According to the monitoring device 100 in the present
embodiment, the captured image picked up by the camera
capturing the captured image of the monitoring target object
1s corrected at a low compressibility acquired 1in accordance
with the monitoring level and 1s subsequently, i1.e. after
correction, to the external terminal device 800. Thus, only
the captured image picked up by the camera 1 that has
captured an 1mage including the monitoring target object 1s
compressed at a low compressibility while the other cap-
tured 1mages are compressed at high compressibility. Thus,
it 1s possible to reduce the total amount of data of the
monitoring 1mage to be sent to an external terminal device
800 eventually.

According to the monitoring device 100 pertaining to the
present embodiment, when the monitoring level 1s deter-
mined to be an enhanced level, since 1t 1s possible to increase
the frequency of generating a monitoring 1mage, when the
latest 1image 1s required, 1t 1s possible to generate the latest
image at high frequency to transmit to the external terminal
device 800 successively. Thus the user can confirm by an
external terminal device 800 the status of the latest state.

Incidentally, all of the embodiments described above are
described 1n order to facilitate understanding of the present
invention, and are not intended to set forth to limit the
present invention. Therefore, the elements disclosed in the
embodiments described above are intended to include all
design modifications and equivalents belonging to the tech-
nical scope of the present invention.

In the present description, a description 1s given of a
monitoring device 100 and vehicle monitoring system 1000
as one aspect of the vehicle monitoring device according to
the present invention, the present invention 1s not limited
thereto.

In the present specification, as one aspect of the vehicle
monitoring device according to the present invention,
description 1s given by way of example of the monitoring
device 100 that includes a control device 10 comprising a
CPU11, ROM12, RAMI13. The present invention 1s not
limited thereto, however.

In the present specification, as one aspect of the vehicle
monitoring device including a camera, a monitoring level
determining mechanism or means, monitoring 1mage gen-
eration mechanism, and a transmission mechanism, descrip-
tion 1s give of a monitoring device 100 provided with a
camera, monitoring level determination function, monitor-
ing 1mage generating function, and a transmaission function.
The present mvention 1s not limited thereto, however.

In this specification, as one aspect of a vehicle monitoring,
system according to the present invention, a description 1s
given of a vehicle monitoring system 1000 that includes a
monitoring apparatus 100, a vehicle controller 200, a com-
munication device 400, and an external terminal device 800
as an example, but the present invention 1s not limited
thereto.

Incidentally, all of the embodiments described above are
described 1n order to facilitate understanding of the present
invention, and are not intended to set forth to limit the
present mvention. Therefore, the elements disclosed 1n the
embodiments described above are intended to include all
design modifications and equivalents belonging to the tech-
nical scope of the present invention.

In the present description, a description 1s given of a
monitoring device 100 and vehicle monitoring system 1000
as one aspect of the vehicle monitoring device according to
the present invention, the present invention 1s not limited
thereto.
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In the present specification, as one aspect of the vehicle
monitoring device according to the present invention,
description 1s given by way of example of the monitoring
device 100 that includes a control device 10 comprising a
CPU11, ROM12, RAMI13. The present invention 1s not
limited thereto, however.

In the present specification, as one aspect of the vehicle
monitoring device including a camera, a monitoring level
determining mechanism or means, monitoring image gen-
eration mechanism, and a transmission mechanism, descrip-
tion 1s give of a monitoring device 100 provided with a
camera, monitoring level determination function, monitor-
ing 1mage generating function, and a transmission function.
The present mvention 1s not limited thereto, however.

In this specification, as one aspect of a vehicle monitoring,
system according to the present invention, a description 1s
given of a vehicle monitoring system 1000 that includes a
monitoring apparatus 100, a vehicle controller 200, a com-
munication device 400, and an external terminal device 800
as an example, but the present imvention i1s not limited
thereto.

As mentioned above, a security system 1s known 1n which
upon detection of external stimulus such as detected by a
door contact sensor. A camera 1s employed to capture the
surroundings and the 1image information will be transmitted
to an outside mobile phone or the like. However, when a
captured 1mage of the camera 1s sent as it 1s, 1.e., without
change, there 1s a problem of large burden of communication
time and cost.

According to the moving body momitoring device per-
taining to the present embodiment, when a monitoring target
object has been detected, a moving 1image or video generated
based on a captured 1mage including an 1mage or picture
corresponding to the monitoring target object.

Accordingly, since the vehicle monitoring system 1000 1n
the present embodiment transmits a moving image to the
external terminal device only when a monitoring target
object has been detected in the periphery of the vehicle, the
total amount of data of the monitoring 1mage to be trans-
mitted for monitoring the periphery of the vehicle may be
reduced. As a result, the transmission cost required for
monitoring moving body may be reduced.

Below, description 1s made with reference to the accom-
panying drawings of a third embodiment according to the
present invention. In the present embodiment, explanation
will be made of the vehicle monitoring device according to
the present invention as applied to a vehicle monitoring
system. Note that the monitoring moving object not limited
to vehicles. It 1s also possible to monitor motorcycles, boats,
heavy equipment, and forklifts.

FIG. 7 1s a block diagram of a vehicle monmitoring system
1000 1ncluding a momtoring device 100 according to the
present embodiment. As shown in FIG. 7, the vehicle
monitoring system 1000 according to the present embodi-
ment includes four cameras 1a~1d mounted in the vehicle
(to be collectively referred to as camera 1 1n some cases).

FIG. 8 1s a diagram showing an example of arrangement
when cameras la~1d are mounted on the vehicle V. The
cameras 1a to 1d are constructed by using an imaging device
such as CCD of (Charge Coupled Devices) and the like, and
are respectively disposed at different positions outside the
vehicle V to capture each image in the four directions around
the vehicle. For example, as shown 1n FIG. 8, the camera 1a
that 1s disposed at a predetermined position 1n front of the
vehicle V such as near a front grill, captures the image of an
object or image of the road surface (front view image) 1n the
front areca SP1 of the vehicle and in the space in front
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thereof. The camera 14 1nstalled at a predetermined position
of the left side of the vehicle V such as the left side mirror
captures the image ol an object or road surface present 1n the
left side area SP2 and 1n a space 1n its surrounding (left side
view 1mage). The camera 1c placed at a predetermined
position of the rear of the vehicle V, such as a roof spoiler
captures an object or road surface present in the right side
area SP4 and 1n a space 1n 1ts surrounding (rear view image).
The camera 15 disposed at a predetermined position on the
right side of the vehicle V, such as the right side mirror
captures an 1mage of an object and road surface present
camera to photograph an image of an object and the road
surface (right side view 1image) present 1n the area SP4 at the
right side of the vehicle and 1n a space of the surrounding,
thereof. The control unit 10 receives each captured image
captured by the cameras 1a to 14, respectively. Note that the
number of cameras 1 installed and the installing positions
may be suitably determined 1n according to the size, shape,
or setting method of the detection region. The plurality of
cameras 1 are assigned an identifier corresponding to each
address (arrangement) so that the control unmit 10 may
identify each of the cameras 1 based on the identifier.
Further, the control unit 10 may send an activation command
and other commands to a specific camera 1 by the assigned
identifier.

As shown 1 FIG. 8, in the vicinity of the camera 1a~14,
proximity sensors 2a~2d are arranged. The proximity sen-
sors 2a to 24 can detect whether an object 1s present 1n a
specific area surrounding the vehicle V, or an object sur-
rounding the vehicle 1s approaching or departing from the
vehicle V. The sensor 2a~2d may be formed by ultrasonic
sensors, proximity sensors, infrared sensors, or capacitive
SENnsor.

Further, the vehicle monitoring system 1000 according to
the present embodiment imncludes a monitoring device 100,
a vehicle controller 200, a communication device 400, and
an external terminal device 800. The vehicle monitoring
system 1000 may comprise an 1gnition switch 300 that can
exchanges information with the vehicle controller 200. Each
of these devices can be connected through a vehicle-
mounted LAN CAN (Controller Area Network) and can
exchange information each other.

In the vehicle monmitoring system 1000 in the present
embodiment, the momtoring device 100 can communicate
with an external terminal device 800 (computer) equipped
with a mobile phone, smartphone or other communication
device 810 via the communication device each other. Fur-
ther, the external terminal device 800 1s provided with a
communication device 810, an 1mage processing device 820,
and a display 830. The communication device 810 obtains
the captured 1image from the side of the vehicle monitoring,
device 100, while the image processing device 820 executes
image processing required for display 1n accordance with a
display mode (moving image/video, streaming, or still
image). The display 830 displays the captured image. A user
holding the external terminal device 800 may confirm the
captured 1mage of the vehicle transmitted from the vehicle
monitoring device using the external terminal device 800.

FIG. 9 1s a diagram showing a display example of a
monitoring or surveillance image Q' for display on an
external terminal device 800. The momtoring image Q' for
the display shown 1n FIG. 9 includes a monitoring image R1
based on the image captured by the camera 1a, a monitoring,
image R2 based on the image captured by the camera 15, a
monitoring 1mage R3 based on the image captured by the
camera 1lc, a monitoring 1mage R4 based on the image
captured the camera 1d, and a virtual vehicle model image
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RO when viewed from the perspective of above the vehicle
V. The monitoring images R1 to R4 may be a moving image
showing a continuous change 1n state, or may be a still image
showing a transient state. Further, a portion of the monitor-
ing 1images R1 to R4 may be displayed as a moving image
or video while the other portion 1n still image. Thorough this
monitoring 1mage (Q of such as this, the user i1s able to be
away 1n a location that 1s spaced from the vehicle V, and to
monitor the status of the surroundings of the vehicle V.

As shown 1n a block diagram 1n FIG. 7, the controller or
control unit 10 of the monitoring device 100 pertaining to
present embodiment 1s provided with a ROM 12 that stores
programs for determining a monitoring level, and generating
a monitoring 1image 1n a display mode 1n accordance with the
monitoring level to transmit to the external terminal device
800, a CPU (Central Processing Unit) that functions as the
monitoring device 100 by executing the programs stored in
the ROM 12, and a RAM (Random Access Memory) 13 that
functions as an accessible storage unait.

The controller 10 of the monitoring device 100 pertaining
to the present embodiment may perform each function
through collaboration of a monitoring i1mage generating
function, software to perform the transmission function and
the hardware described above. In the present embodiment,
an example of mode 1s described in which the controller 10
transmits each control instruction. However, the controller
10 1n the present embodiment may control the camera 1 and
the communication device 400 via a vehicle controller 200,
as well.

Though not particularly limited, the momtoring device
100 1n the present embodiment can start a momtoring
process when an OFF signal of an engine 1s iput to the
ignition switch 300 and an electronic key having a commu-
nication function of the vehicle V 1s not present in the
vicinity of the vehicle V (i.e., the user carrying the electronic
key 1s remote from the vehicle), or when a request command
for transmission of the monitoring 1mage from the external
terminal device 800 of the user has been received. Inciden-
tally, the trigger of the monitoring process 1s not limited
thereto, but the monitoring device 100 may start the moni-
toring process such as, when a sonar (not shown) detects an
object around the vehicle V, when the door contact sensor
detects the abnormality such as the contact to door, when the
t1lt sensor detects an abnormal inclination of the vehicle
(such as ingress), when an abnormality detection sensor
detects the abnormality such as forcible opening of door or
cracking ol windows, when a monitoring target object 1s
detected from the image captured by the camera 1a, and
when a switch (not shown) for the monitoring device 100
has received an 1nput, efc.

Further, the monitoring device 100 pertaining to the third
embodiment 1s provided with an 1mage processing control
umt (IPCU). Using the image processing control unit, the
control device 10 analyses the captured images of each
camera 1, extracts an image corresponding to an object from
data of captured 1image, and determines based on a displace-
ment amount of the extracted image whether or not the
detected object 1s a moving object and, 11 yes, calculates the
displacement amount. The control unit 10 may calculate a
steady change 1n position or a change 1n position over time
of the object based on the change of the captured 1mage.
Based on this steady change 1n the position of the object, the
control unit 10 may detect the monitoring target object. For
example, the control device 10 detects, when a moving
object detected from the captured image i1s staying in the
vicinity of the vehicle V for a predetermined time or more,
the object as a monitoring target object and can store the




US 9,842,261 B2

25

captured 1mage including the monitoring target object after
detection along with time information. The 1mage process-
ing may use a technique known 1n the field at the time of the
present application.

Hereinafter, description will be given of each function
realized by the monitoring device 100 pertaining to the
present embodiment according to the present invention.

First, description 1s given of a monitoring image genera-
tion function of the momitoring device 100 pertaining to the
third embodiment. The control device 10 of the monitoring,
device 100 pertaining to the present embodiment determines
from the captured image picked up by the camera 1la~1d
whether or not a monitoring target object 1s present in the
periphery of the moving body such as a vehicle using the
Image Processing Control Unit (IPCU). When the presence
of the monitoring target object 1s detected, 1n accordance
with the captured image including the image corresponding
to the momnitoring target object, a moving 1mage or video
indicating the change in state of periphery of the moving
body such as vehicle 1s generated as a monitoring image.
The moving 1mage or video in the present embodiment 1s
intended to mean 1mage information in which a plurality of
images 1s successively displayed within a unit time so that
the change 1n state of the monitoring area may be indicated.

When the presence of a monitoring target object has been
detected, the control device 10 stores a plurality of captured
images picked up during a predetermined time T upon
detection of the monitoring target object with monitored
time (captured time) associated. The monitoring device 100,
when required, compresses and stores the monitoring image.
The momitoring 1mage may be stored as a single moving
image file, or may be stored 1n the possible form for transfer
and playback 1n a streaming manner.

Further, when a moving speed (moving amount per unit
time) of the monitoring target object, which is calculated on
the basis of the captured image, 1s smaller than the prede-
termined value, the monitoring device 100 pertaining to the
third embodiment, generates a monitoring image by reduc-
ing a iframe rate representing the number of 1mages con-
tained per unit time. In other words, when the moving speed
of the monitoring target object 1s low, the frame rate is
decreased depending on the movement. Thus, when the
moving speed ol the monitoring target object 1s low, by
withholding to send moving images at excessive frame rate,
the data amount of moving 1images to be transmitted during
monitoring operation may be decreased. On the other hand,
when the moving speed of the monitoring target object
exceeds a predetermined value, 1mn accordance with the
moving speed, a moving image or video will be sent
depending on the speed employed a moving image 1s set
with a relatively large frame rate to generate the monitoring,
image 1llustrating the monitoring target object.

Further, when the monitoring target object 1s not detected
around the moving object such as a vehicle, the control
device 10 of the momitoring device 100 according to the
present embodiment produces a still image indicating a
temporary state around the moving body such as vehicle.
The control device 10 may compress and stores the still
image for monitoring image that has been produced as
needed.

The following describes the procedure of the vehicle
monitoring system 1000 1n the present embodiment accord-
ing to the present mvention. FIG. 10 1s a flowchart showing
a control procedure of the vehicle monitoring system 1000
in the third embodiment.

First, description 1s given of the operation of the moni-
toring device 100. In step 10, the controller or control device
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10 of the monitoring device 100 1n the third embodiment
determines whether or not it 1s a monitoring start time. In the
present embodiment, 1n a case where a vehicle key 1s not
present nearby with engine OFF, the time at which a request
command for a monitoring 1image from the terminal unit 800
of user’s possession has been received 1s recognized as the
monitoring start time to start the monitoring procedure. The
monitoring start timing 1s not limited. The monitoring pro-
cedure may be started at the time when a door contact sensor
of the vehicle, an inclination sensor, and a vehicle abnor-
mality detection sensor and the like detects abnormality.

In step 20, the monitoring device allows the cameras 1a
to 1d to start to capture respective area or region of capture
to acquire each captured image.

In step 30 that follows, the monitoring device 100 deter-
mines whether or not the captured 1mage 1s the first one from
the camera 1. When the acquired, captured image 1s the first
captured 1image immediately after a capturing start, control
proceeds to step 40 to store the first captured image as a
reference monitoring 1image GO to transmit to the external
terminal device 800 and waits for the next captured image.
The reference monitoring 1image G0 1s mtended to mean a
captured 1mage that 1s acquired at a reference monitoring
time t0 that represents a reference when the surroundings of
the vehicle V 1s monitored. In the present embodiment, the

first captured 1image 1s set as the reference monitoring 1mage
G0. However, the present invention 1s not limited thereto.
The reference monitoring image G0 may be set to the
captured 1mage at a reference monitoring time t0 that meets
a prescribed condition.

In contrast, when the captured image acquired 1n step 30
1s not the first captured 1mage, the process proceeds to step
50 and the monitoring device 100 determines whether or not
a monitoring target object 1s present based on the change
amount of the image data of the captured image. When
determining the presence of the momitoring target object, the
captured 1image currently acquired may be compared with
the reference monitoring image G0, or the captured image
currently acquired may be compared with the captured
image previously acquired.

When the monitoring target object 1s detected, the process
proceeds to step 60 where the monitoring device 100 gen-
erates a moving 1image indicating the change of state in the
periphery of the vehicle V continuously as a monitoring
image based on the captured image including an image
corresponding the monitoring target object. In other words,
the monitoring 1image represented by the moving 1image or
video includes the image of the monitored object. The
monitoring device 100 in the present embodiment identifies
the camera 1 that has captured an image in which the
monitoring target object 1s detected and can generate the
monitoring 1mage based on the captured image of that
camera la to 1d.

After generating the monitoring 1image, although process
proceeds to step 80, prior to perform the process in step 80,
the processes in steps 61 and 62 may be carried out.
Specifically, i step 61, the monitoring device 100 calculates
a moving speed of the monitoring target object based on the
captured 1image, and proceeds to step 62 to reduce the frame
rate of the monitoring image when the moving speed of the
monitoring target object 1s below a predetermined value.
The monitoring device 100 may define the relationship 1n
which the frame rate decreases 1n accordance with decrease
in moving speed of the monitoring target object 1n advance,
and may obtain the frame rate based on the moving speed of
the monitoring target object by referring to this relationship.
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On the other hand, when the moving speed of the moni-
toring target object 1s equal to or less than the predetermined
value, control proceeds to step 80 without changing the
frame rate.

On the other hand, when a monitoring target object 1s not
detected 1 step 30, the process proceeds to step 70 to
generate a still 1image as a monitoring 1mage showing a
temporary state in the vicinity of the vehicle V.

In a subsequent step 80, the moving 1mage or still image
produced as monitoring 1image are transmitted to the external
terminal device 800. Subsequently, control proceeds to step
90 where control waits for end of the monitoring process
(the time at which the electronic key of user possession 1s
close to a communicable distance, the occupant has turned
engine ON, etc.). When completed, control returns to step 10
to wait for the next monitoring start timing. Otherwise,
control returns to step 30 to wait for the acquisition of the
captured 1mage next.

Subsequently, a description will be given of a control
method of an external terminal device 800. The external
terminal device 1s a computer having elements correspond-
ing CPU, RAM, and ROM and further has a communication
unit 810, an 1mage processing unit 820, and a display 830.
As shown 1n steps 110 to 130, the communication unit 810
receives a monitoring i1mage (step 110), and sends the
received monitoring image to the image processing unit 820.
The 1image processing unit 820 1n turn 1s provided with an
image processing control unit (IPCU) and can performs
image processing of the monitoring 1image received. (step
120). The received monitoring 1mages are respectively pro-
vided with an identifier that identifies the camera that has
captured the respective 1image, and depending on the 1den-
tifier the 1mage processing unit 820 may allot each moni-
toring 1mage to each display area. Specifically, the image
processing unit 820 allots each pixel of the monitoring
image received to each element of the display area of the
display to display, for example, the monitoring images R1 to
R4 on the display 830 as shown in FIG. 9.

According to the monitoring device 100 and the vehicle
monitoring system 1000, since only when a monitoring
target object has been received 1n the periphery of the own

vehicle, the monitoring 1mage 1n a moving 1image or video
1s transmitted to the external terminal, the total amount of
data for the monitoring 1mage to be transmitted for moni-
toring the periphery of the vehicle may be reduced. Conse-
quently, the transmission cost necessary for monitoring
vehicle and other moving body can be reduced.

Further, according to the monitoring device and the
vehicle monitoring system 1000 in the third embodiment,
since when the monitoring target object 1s not detected, a
still image of small amount of data will be transmitted, so
that, the user present in a remote position from the vehicle
can confirm a temporary state 1n the vicinity of the vehicle
when the possibility 1s high that no hazardous situation
would arise with the vehicle.

Thus, while suppressing the amount of transmission data
of the monitoring 1mage, the surroundings of the vehicle can
be monitored through image.

Furthermore, according to the monitoring device and the
vehicle monitoring system 1000 1n a third embodiment
according to the present invention, when the moving speed
of the monitoring target object 1s smaller than a predeter-
mined value, by reducing the frame rate according to the
moving speed of the momitoring target object, it 1s possible
to capture the motion (state change) of the monitoring target
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object while creating a monitoring 1mage having a small
amount of data to reduce the amount of data transmitted 1n
the monitoring process.

A description will now be given below of a monitoring
device 100 and a vehicle monitoring system 1000 1n a fourth
embodiment according to the present invention with refer-

ence to FIGS. 11 to 16. The monitoring device 100 and the
vehicle monitoring system 1000 1s different from the third
embodiment in the generating method of monitoring image
and the monitoring 1image created. However, the configura-
tion shown 1n FIG. 7 and the basic control procedure shown
in FIG. 10 are common. To avoid duplicate description, the
description will focus on the differences 1n the following
descriptions, and the description of other points 1n the third
embodiment 1s 1ncorporated.

FIG. 11 1s a flowchart showing a control procedure of the
monitoring apparatus 100 and the vehicle monitoring system
1000 1n the fourth embodiment according to the present
invention.

The monitoring apparatus 100 performs the same control
procedure as well as process as those 1n the third embodi-
ment shown in FIG. 10, and transmits to the external
terminal device 800 a reference monitoring image G0 1n the
same manner as 1 Step 40. The external monitor terminal
device 800 receives the reference monitoring image G0 (step
210) and stores, the reference monitoring image G0 (step
220). FIG. 12A 1s a diagram showing an example of the
reference monitoring image G0.

In this flowchart, description will be given of the process
that 1s capable of generalization at the monitoring timing tK.
In step 110, the momtoring device 100 starts to generate a
monitoring 1mage at the monitoring timing tK. Note that the
monitoring timing tK 1s set at one or more timings posi-
tioned after the reference monitoring timing t0 (1mage
capturing timing of the reference monitoring image G0)
serving as the reference for monitoring the periphery of the
vehicle V. The monitoring timing tK may be a timing that
comes around at predetermined intervals, or may be a timing
that meets a predetermined condition, such as when a
monitoring command input from an external terminal device
800 of the user has been received.

In step 120, the monitoring device 100 acquires a com-
parison 1mage captured by the camera 1 in the monitoring
time tK. FIG. 12B 1s a view showing an example of a
comparison 1mage GK. When compared to the reference
monitoring image G0 1n FIG. 12A, an image corresponding
to the object appears on the right side of the comparison
image GK.

In step 130 that follows, the monitoring device 100
compares the reference monitor image GO0 picked at the
reference monitor timing t0 to the comparison 1mages taken
at the one or more time points later than the reference
monitor timing t0, and obtains a difference i1mage that
responds to changes in the 1image data of the images. Since
there 1s no change 1n the background 1mage while the vehicle
1s parked with engine being stopped, by taking the difference
between the reference monitoring 1image G0 and comparison
images GK, a difference image AG may be extracted that
corresponds to a change 1n 1mage from the reference moni-
toring 1mage G0 at the monitoring timing tK. FIG. 13 15 a
diagram showing an example of the difference image AG. In
FI1G. 13, an area 1n a white frame 1s defined as a difference
image AG. Alternatively, the whole 1image shown in FI1G. 13
may be defined as the difference image AG, and an 1dentifier
may be aflixed for a region other than the difference image
AG to indicate to that effect.
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The monitoring device 100 obtains the coordinates (xKk,
yk) of the vertex P of the diflerence image AG as shown 1n
FIG. 14, which can define the position with respect to
comparison 1mages GK. Because both the reference moni-
toring 1mage G0 and the comparison image GK are defined
by the same coordinates, 1t 1s possible to determine the
position of the difference 1image AG with respect to the
reference monitor image G0 by the coordinates (xk, vk).

Finally, 1n step 140, the monitoring device 100 transmits
to the external terminal device 800 the monitoring 1mage QQ
based on the difference 1mage AG. Transmission of the
monitoring 1image Q 1s performed at a timing later than the
transmission tlmmg of the reference monitoring 1mage G0.
In the monitoring 1mage, when the position of the difference
image AG with respect to the reference monitoring 1image
(G0 that was transmitted in step 40 1s unknown, the position
information P (xk, yk) of the diflerence 1image AG may be
included in the monitoring image.

FIG. 15 1s a diagram showing an example of the moni-
toring 1mage to be transmitted. As shown in FIG. 15, 1n the
present embodiment, the momtonng image (Q transmltted by
the monitoring device 100 1s image data corresponding to
the difference image AG. Thus, compared to the monitoring,
image transmitted 1n the third embodiment (corresponding
to FIG. 12B), the amount of data may be reduced signifi-
cantly.

In step 140, the monitoring apparatus 100 may obtain the
monitoring 1mage with a first identifier attached to an
invariable region other than the region corresponding to the
difference 1mage AG out of the comparison 1mage GK
acquired at the monitoring timing. The first identifier 1s
intended to be information for distinguishing the invariable
region common to both the reference monitoring 1image G0
and the image data. In other words, the invariable region
attached with the first 1identifier may be treated as a back-
ground portion having no change from the above mentioned
reference monitoring image G0 and can utilize the 1mage
data of the reference monitoring 1mage G0 previously trans-
mitted.

Then, description 1s give of the process on the side of the
external terminal device 800. In step 230, the external
terminal device 800 receives the monitoring 1mage 1n which
cach information 1s attached.

In subsequent step 240, the external terminal device 800
superimposes the difference image AG on the monitored
image G0, and generates a monitoring 1mage Q' for display
in the monitoring time tK. FIG. 16 1s a diagram for explain-
ing a method for generating monitoring 1image 1n the moni-
toring time tK. As shown in FIG. 16, the external terminal
device 800 reads the reference monitoring image G0 which
has been received and stored previously at step 220, and
superimposes the difference image AG received 1n step 230
to the reference monitoring image GO to generate the
monitoring 1image Q'K for display in the monitor timing tK.
Note that the reference monitor image G0 shown 1n FIG. 16
1s common to the reference monitoring image G0 shown 1n
FIG. 12A, while the difference image AG 1s common to the
difference 1image AG shown 1n FIG. 13. Note that, when the
information about the difference image AG includes an
address of pixels, based on the address, the difference image
AG will be pasted 1n a corresponding position in the refer-
ence monitoring 1image. G0. When the paste position cannot
be 1dentified from the information of the difference image
AG, by obtammg the position information P (xk, yk) of the
difference 1image AG shown 1n FIG. 14, and the diflerence
image AG can be pasted at positions corresponding to the
reference monitoring 1mage G0.
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The lower diagram 1n FIG. 16 shows an example 1n which
the monitoring image Q'K generated for display 1s displayed
on the display 830. As shown 1n the figure, the monitoring
image Q'K with the reference monitoring image G0 super-
imposed with the difference 1mage AG 1s substantially
common (substantially equivalent) to the comparison
images GK shown in FIG. 12B picked up 1n the monitoring
time tK.

As described above, according to the monitoring device
100 and the vehicle monitoring system 1000 1n the fourth
embodiment according to the present invention, the same
operational effects are performed the third embodiment, and
in the monitoring time tK, only the difference image AG
with respect to the reference monitoring image G0 1s sent to
the external terminal device 800. Therefore, 1t 1s possible to
reduce the total amount of data of the monitoring 1image to
be transmitted to monitor the surroundings of the vehicle V.
As a result, 1t 1s possible to reduce the communication cost
required for monitoring the vehicle V.

Further, according to the vehicle momtoring system 1000
in the present embodiment, when generating the monitoring
image (Q 1n the monitoring time tK, only the difference
image AG corresponding to the changed area that has
changed from the reference monitoring image G0 1s newly
sent or received, and the portion corresponding to the
unchanged region that has not changed compared to the
reference monitoring 1mage G0, the reference monitoring
image G0 already sent will be utilized. Thus, compared to
the case 1n which the comparison image GK in the moni-
toring time tK would be sent as it 1s, the amount of
transmission data will be reduced without deteriorating the
quality of 1image of the monitoring 1image Q' to be displayed.
As a result, the user can monitor the vehicle by a clear
monitoring 1mage A' while saving the communication cost.

A description will now be given below of a monitoring
device 100 and a vehicle monitoring system 1000 1n a fifth
embodiment according to the present invention with refer-
ence to FIGS. 17 to 19. The momtonng device 100 and the
vehicle monitoring system 1000 1s different from the third
and fourth embodiments in the generating method of moni-
toring 1mage and the monitoring 1mage created. However,
the configuration shown i FIG. 7 and the basic control
procedure shown 1n FIG. 10 are common. To avoid duplicate
description, the description will focus on the differences 1n
the following descriptions, and the description of other
points 1n the third and fourth embodiments 1s incorporated.

FIG. 17 1s a flowchart showing a control procedure of the
monitoring apparatus 100 and the vehicle monitoring system
1000 1n the fifth embodiment according to the present
invention.

The monitoring apparatus 100 performs the same control
procedure as well as process as those 1n the third embodi-
ment shown in FIG. 10, and transmits to the external
terminal device 800 a reference monitoring image GO0 in the
same manner as 1n Step 40. The external monitor terminal
device 800 recerves the reference monitoring image GO (step
410) and stores, the reference monitoring image G0 (step
420).

In the flowchart shown 1n FIG. 17, an example process 1n
the momitoring time tK (K 1s a natural number, the same
below) 1s described, which 1s capable of generalization.

In step 310, 11 1t 1s a monitor timing tK, the momtoring
device 100 starts the generation of monitoring 1image of the
present embodiment. This monitoring timing tK 1s the
arbitrary timing of multiple continuous nature that comes
around 1n a predetermined cycle after a reference monitor
timing t0 (capturing timing of the reference monitor image
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(G0) that sets a reference for monitoring the surroundings of
the vehicle V. Turning now to each monitor timing, as shown
in FIG. 18, 1n the time axis t, after the reference monitor
timing t0, the monitor timing t(K-1) follows and the monitor
timing tK continues. The monitor timing t(K—-1) represents
a monitoring timing immediately before the monitor timing
tK. Further, between the reference monitor timing t0 and the
monitor timing t(K-1), a plurality of monitor timings t(1) to
t(K-2) are set. The imaging processing by the camera 1 runs
at each monitor timing, and the monitoring device 100 stores
these monitoring 1mages.

Incidentally, the reference monitoring image G0 1n FIG.
18 1s common to the reference monitoring image G0 shown
in FIG. 12A, and the Kth comparison image GK 1n FIG. 18
1s common with the comparison image GK shown i FIG.
12B.

In step 320, the monitoring device 100 in the present
embodiment compares the K-th comparison mmage GK
captured i1n the K-th monitor timing after the reference
timing t0 (K 1s natural numbers, the same below) with the
reference 1image G0 to extract the Kth difference image AG
(0-K). FIG. 18 illustrates the K-th difference image AG.

Next, in step 330, the monitoring device 100 compares the
K-th comparison image GK captured in the K-th monitor
timing after the reference timing t0 (K 1s natural numbers,
the same below) with the (K-1)th comparison image G{K-
1) captured in the (K-1) time t(K-1), immediately before
the Kth monitor timing tK to extract a (K-1) difference
1mage AG(-1). The K-th difference image AG (-1) 1s shown
in FIG. 18.

In subsequent step 330, the monitoring device 100 divides
the K-th difference image AG(0-K) into three regions and
attaches an identifier to each. Specifically, (1) a first 1den-
tifier 1s attached to the image data of invariable region
having no difference over the reference monitoring image
G0; (2) a second 1dentifier 1s attached to the image data of
duplicate change region included in the (K-1)th and K
difference values; and (3) a third 1dentifier 1s attached to the
image data of immediate change region included in the
(K-1)th difference 1image AG (-1) among the K-th differ-
ence 1mage AG (0-K).

Though not limited to, the monitoring apparatus 100 in
the present embodiment attaches the third identifier as the
immediate or most recent change region included only 1n the
(K-1)-th difference image AG (-1) to the loglcal product
(duplicate region) or the (K-1)-th difference image AG(-1),
attaches the second identifier to the region with while 1n the
K-th difference image AG(0-K) while black i the (K-1)
difference 1mage AG (-1), 1.e., the region of remainder
obtainable by subtracting the (K-1) difference image AG
(—1) from the K-th difference image AG (0-K), and attaches
the first identifier to the remaining region where neither the
second nor the third identifier 1s attached.

The method for aflixing the identifiers 1s not limited in
particular.

Further, the image to which the second identifier 1s
attached appears 1n the comparison image GK. It also
appears 1n the comparison image G(K-1) in the monitor
time tK-1. Therefore, upon monitoring the surroundings of
the vehicle V, with respect to the image of the region where
the second identifier 1s attached, the pixel value of the
comparison image G (K-1) in the monitor time tK-1 can be
used as it 1s as the monitoring image.

Further, the image of the region to which the first iden-
tifier 1s attached represents an invariable region with no
change in the monitor time tK when the reference monitor-
ing timing t0 1s set as reference. In particular, when the
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vehicle 1s parked, the background image does not undergo
change. Therefore, upon monitoring the surroundings of the
vehicle V, the image of the region to which first identifier 1s
attached, the pixel value of the reference monitoring 1image
(G0 1n the reference monitor timing t0 can be utilized as it 1s
as a monitoring i1mage.

Though not particularly limited, each 1dentifier 1s formed
in color information. For example, in the present embodi-
ment, the pixel to which a first i1dentifier utilizing the
reference monitoring 1image G0 1s attached 1s given the color
information of “0” (zero: black value), the pixel to which the
second identifier utilizing the (K-1)-th comparison image
G(K-1) 1s given the color information of “1! (white value),
and the pixel to which the third 1dentifier utilizing the K-th
comparison 1mage GK 1s given “0.5” (grey value), respec-
tively.

In FI1G. 18, a replacement image H 1s shown in which the
color information of black, white, and grey 1s attached as the
first to third identifiers to the K-th difference image AG
(0-K).

Then, 1n the subsequent step 340, the monitoring device
100 of the present embodiment replaces the image data of
the 1mage region to which the third identifier (grey value) of
the K-th difference image AG of (0-K) with the K-th
comparison image GK corresponding to the image area. The
K-th monitoring 1mage QK where the image of the K-th
comparison 1mage GK 1s pasted to the region of the third
identifier (grey value) of the replacement 1mage H 1s shown
in FIG. 18.

Incidentally, the image of the region to which the third
identifier 1s attached appears only 1n the comparison image
GK picked in the monitoring time tK, since 1t 1s the 1image
corresponding to the state change 1n the range between tK-1
and tK. Therefore, upon monitoring the surroundings of the
vehicle V, the image of the region to which the third
identifier 1s attached, the pixel values of the comparison
image GK 1n the monitoring time tK can be utilized as 1t 1s
as a monitoring image.

Finally, 1in step 360, the monitoring device 100 transmuits
to the external terminal device 800 the K-th monitoring
image QK 1n which first and second 1dentifiers are included
and the region to which the third identifier 1s attached 1is
replaced with the image data of the K-th comparison image
GK together with the coordinates of the vertex P (xk, yk)
which specily the position of this K-th monitoring image
QK.

Then, description 1s give of the process on the side of the
external terminal device 800. The process described below
relates to the process pertaining at the K-th monitoring
timing. However, as shown in step 430, the first to the
(K-1)-th monitoring 1mages generated at the previous first
to the (K-1) monitoring timings, respectively, are stored in
the external terminal device 800.

In step 440 shown in FIG. 17, the external terminal
apparatus 800 receirves the K-th monitoring image QK
including the 1image data of the K-th comparison image GK
corresponding to the region to which the third i1dentifier 1s
attached, the first 1dentifier, and the second identifier.

In step 450 that follows, the external terminal device 800
reads out the reference monitoring image GO0, which 1s
stored 1n step 420, and the (K-1)-th monitoring image Q'
(K-1) generated at step 430 for display. The (K-1)-th
monitoring 1mage Q' (K-1) may be acquired in the same
manner as the generation process od the K-th monitoring
image QK described above based on the reference monitor-
ing 1image G0, the (K-2)-th monitoring image Q' (K-2), and
the (k—1)-th monitoring image Q'(K-1).
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In step 460, based on the reference monmitoring 1image G0,
the (K-1)-th monitoring image Q(K-1), and the K-th moni-
toring image QK, the external terminal device 800 generates
a monitoring 1mage QK at the monitor timing tK.

FIG. 19 1s a diagram for explaining a method for gener-
ating the monitoring 1image Q'K for display in the monitor-
ing time tK according to the process of step 460. As shown
in FIG. 19, the external terminal apparatus 800 reads out the
reference monitoring 1mage G0 received and stored 1n the
previous step 420 and the (K-1)-th momtonng image Q(K—
1) generated and stored for display in previous step 430 1n
like manner.

In addition, the external terminal device 800 replaces, out
of the K-th monitoring image QK received 1n step 440, the
image data of the image region to which the first identifier
1s attached with the image data of the reference monitoring
image G0 and replaces the image data of the image region
to which the second 1dentifier 1s attached with the image data
of the (K-1)-th monitoring image A(K-1) to thereby create
the K-th momitoring 1mage QK for display. Incidentally, the
image data of the pixel region in which the third identifier 1s
attached 1s already attached with the image data of the K-th
comparison 1mage GK.

Incidentally, the reference monitoring image G0 shown in
FIG. 19 1s common to the reference monitoring image G0
shown in FIG. 18, and the (K-1)-th monitoring image
Q(K-1) shown i FIG. 19 1s substantially common (sub-
stantially equivalent) to the (K-1-th comparison image
G(K-1) shown in FIG. 18. Note that, when the address of the

pixel 1s included 1n the K-th monitoring 1image QK, based on
that address, the 1mage data of the K-th monitoring 1image
QK 1s pasted at the corresponding position 1n the reference
monitoring 1mage G0. When the paste position cannot be
identified from the information of K-th monitoring image
QK, by acquiring the position information P (xk, yk) of the
K-th monitoring image QK shown in FIG. 18, the image data
of the K-th monitoring image QK (the image data of the K-th
comparison image GK) may be pasted at the corresponding
position 1n the reference monitoring 1mage GO.

The view on the right side of FIG. 19 shows an example

in which the monitoring image Q' for display at the monitor
timing tK 1s displayed on the display 830. As shown 1n the
figure, the K-th monitoring 1image Q'K for display where
cach identifier of the K-th monitoring image QK 1s replaced
with the 1mage data of the reference monitoring image G0
and the (K-1)-th monitoring 1image Q(K-1) 1s substantially
common (substantially equivalent) to the K-th comparison
image GK shown in FIG. 18 captured in the monitor time tK.

As composed and operable above, the monitoring device
100 and the vehicle monitoring system 1000 pertaining to
the fifth embodiment according to the present invention, in
addition to the similar effects obtained by the third embodi-
ment, the following effects are achieved.

According to the monitoring device 100 and the vehicle
monitoring system 1000 in the present embodiment, by
utilizing the 1image data of reference monitoring image GO
previously transmitted and the (K-1) monitoring image Q'
(K-1) for display at the (K-1)-th monitor tlmmg created on
the side of the external terminal device 800, 1t 1s suflicient
that the image data for the K-th comparison image GK 1s
transmitted only with respect to the difference between the
K-th comparison image GK and the previous (K-1)-th
comparison 1mage G(K-1) at a certain monitoring timing
tK. Therefore, 1t 1s possible to reduce the total amount of
data of the momitoring 1mage to be transmitted in order to
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monitor the surroundings of the vehicle V. As a result, 1t 1s
possible to reduce the communication cost required for
monitoring the vehicle V.

Further, by using an identifier to specily a pixel area using,
the reference monitoring 1image G0 and the (K-1)-th moni-
toring 1mage Q(K-1), it 1s possible to reduce the total
amount ol data of the momitoring image to monitor the
surroundings of the vehicle V. In particular, 1t 1s possible, by
using color mformation (black value, white value, gray
value) as an i1dentifier, thereby increasing the compression
ratio of the data. Especially, it 1s possible to further reduce
the total amount of data of the monitoring image to be
transmitted.

Furthermore, according to the vehicle monitoring system
1000 1n the present embodiment, when generating the moni-
toring 1mage Q in the monitoring time tK, only the differ-
ential 1mage over the previous (K-1)-th comparison image
G(K-1) immediately before 1s newly sent or recerved. With
a portion corresponding to an invariable region of no change
compared to the reference monitoring image GO0, the refer-
ence monitoring 1mage G0 previously sent 1s utilized. Fur-
ther, with respect to a portion corresponding to a maintained
region of no change compared to the previous (K-1)-th
comparison 1mage G(K-1), the (K-1)th comparison image
Q(K-1) previously generated 1s used as 1t 1s. Therefore,
compared to the case where the comparison image GK at the
monitoring timing 1s set as it 1s, the transmission data may
be reduced without decreasing the image quality of the
monitoring 1mage Q' to be displayed. As a result, the user
can monitor the vehicle through a clear monitoring 1mage Q'
while saving communication cost required for the remote
monitoring of vehicles V.

Incidentally, all of the embodiments described above are
described 1n order to facilitate understanding of the present
invention, and are not intended to set forth to limit the
present mvention. Therefore, the elements disclosed 1n the
embodiments described above are intended to include all
design modifications and equivalents belonging to the tech-
nical scope of the present invention.

In the present description, a description 1s given of a
monitoring device 100 and vehicle monitoring system 1000
as one aspect of the vehicle monitoring device according to
the present invention, the present invention 1s not limited
thereto.

In the present specification, as one aspect of the vehicle
monitoring device according to the present invention,
description 1s given by way of example of the monitoring
device 100 that includes a control device 10 comprising a
CPU11, ROM12, RAMI13. The present invention 1s not
limited thereto, however.

In the present specification, as one aspect of the vehicle
monitoring device including a camera, a monitoring level
determining mechanism, and a transmission mechanism,
description 1s give of a monitoring device 100. The present
invention 1s not limited thereto, however.

In this specification, as one aspect of a vehicle monitoring,
system according to the present invention, a description 1s
given ol a vehicle momitoring system 1000 that includes a
monitoring apparatus 100, a vehicle controller 200, a com-
munication device 400, and an external terminal device 800
as an example, but the present mvention i1s not limited
thereto.

The mvention claimed 1s:

1. A vehicle monitoring device comprising:

a monitoring level determining mechanism that deter-
mines a monitoring level of a vehicle,
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based 1n part on a state of the vehicle as determined from
vehicle state detection sensors, on receipt of a request
for a monitoring 1mage, on a presence of a monitoring
target object 1 a captured still image, and on a state of

image in the display mode of either the moving image
or the streaming image with a number of frames per
unmt time at a predetermined value or more.

4. The vehicle monitoring device as claimed 1n claim 1,

36

accordance with the monitoring level when the monitoring
level 1s detected by the monitoring level determining mecha-

nism aiter sunset.
5. The vehicle monitoring device as claimed 1n claim

1,

the monitoring target object in the captured still image ° wherein, based on a moving speed of a monitoring target
as compared to a location, a movement, and an activity object of the captured still image captured by the camera, the
of the monitoring target object 1n previously captured monitoring image generating mechanism generates the
still 1images, wherein the captured still image and the monitoring 1mage at a corrected frame rate correcting a
previously captured still images are received from a number of frames per unit time 1 accordance with the
camera directed toward a periphery of the vehicle; 10 monitoring level.

a monitoring 1mage generating mechanism that deter- 6. The vehicle monitoring device in claim 1, wherein
mines a display mode based on the monitoring level to when the monitoring level 1s n an enhanced level, the
generate the momitoring 1mage 1n the display mode monitoring image generating mechanism sets a ire-
using the captured still image and the previously cap- . quency at which the monitoring 1mage 1s generated
tured still 1mages, high, and

wherein the display mode 1s one of a moving image, a the transmission mechanism transmits the monitoring
streaming image, and a still image, and image to the external terminal device in accordance

wherein the monitoring 1mage generating mechanism with the frequency.
generates a monitoring image that 1s a moving image or 20 7. A vehicle monitoring device comprising;:

a streaming i1mage by successive sequencing of the means for determining a vehicle monitoring level based
captured still image and the previously captured still on a state of the vehicle or a periphery of the vehicle,
images; and wherein the monitoring level 1s determined from a

a transmission mechanism that transmits information con- plurality of monitoring levels;
taining the monitoring 1mage to an external terminal 25  means for generating a monitoring 1mage based on a
device via a communication line, wherein captured still image captured by a camera mounted on

when receiving the request for the monitoring image from the vehicle at a frame rate in accordance with the
the external terminal device, the monitoring level deter- monitoring level, Whe}*eln the calnera 1s ortented out-
mining mechanism determines the monitoring level to ward tqward the‘ pepphfary , wheremn the medns for
be a standard level, and 30 gengratmg a momtor'{ng 1mage gfanerates the monitor-

when the monitoring level 1s determined to be the stan- Hig IS l?y SULLESSIVE SCUUENEINE of one or more of
dard level, the momitoring 1image generating mecha- captured stll HHESES, and . .. .
. " 15 HHAEE sCHETAls 10 means for transmitting information containing the moni-
nism generates the monitoring 1mage in the display O . . :
cyq - oring 1mage via a communication line to an external
mode of‘the stll MEZE. _ _ _ _ 35 terminal device, wherein

2. ?he vehicle monitoring device as claimed 1n claim 1, when recerving a request for the monitoring 1mage from

wherein the external terminal device, the monitoring level deter-

the monitoring level determining mechanism includes mination means determines the vehicle monitoring

protocol to assess at least one of the following: orien- level to be a standard level, and
tation ot the monitoring target object or a time the 40  when the monitoring level is determined to be the stan-
mOI]itOI‘iIlg target object stays n a ViCiIlity of the dard level, the monjtoring image generating mecha-
vehicle, wherein the monitoring level determining nism generates the monitoring image in a display mode
mechanism determines at least one of the following: a of a still image and wherein means for monitoring
monitoring target object approaching the vehicle generating generates the monitoring 1mage at a rate
detected from the captured still 1image, a monitoring 45 greater than a still 1mage when a target object 1is
target object remaining in the vicinity of the vehicle for identified 1n the still image.
a predetermined time or more, and 8. A vehicle momtoring method comprising:

the monitoring 1image generating mechanism generates, 1n recerving a captured still image from a camera mounted
accordance with an enhanced level, the monitoring on the vehicle and directed to a periphery of the
image in the display mode of either the moving image 50 vehicle;
or the streaming image with a number of frames per determining a monitoring level of the vehicle based 1n
umt time at a predetermined value or more. part on a state of the vehicle as determined based on

3. The vehicle monitoring device as claimed 1n claim 1, vehicle state detection sensors, on presence of a moni-

wherein toring target object in the captured still image, and on
when rece1ving an abnormality occurrence signal from the 55 a state of the monitoring target object in the captured
vehicle, the monitoring level determining mechanism still 1image as compared to the state of the monitoring
determines the monitoring level to be an enhanced target object in previously captured still 1mages
level, and recerved from the camera;

the monitoring 1image generating mechanism generates, 1n generating a monitoring 1mage in a display mode of one

accordance with the enhanced level, the monitoring 60 of a moving 1image, a streaming video, and a still image

based on the captured still image 1n accordance with the
monitoring level;

transmitting generated information including the moni-
toring 1mage to an external terminal device using a

communication line; and
when a request 1s recerved for the monitoring 1mage from
the external terminal device and the monitoring level 1s

wherein the monitoring 1mage generating mechanism gen- 65
crates the monitoring 1mage at a corrected frame rate cor-
rected to increase a number of frames per unit time in
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determined to be a standard level, generating the moni-
toring 1mage in the display mode of the still image.

9. A vehicle monitoring device comprising:

a monitoring level determining mechanism that deter-
mines a monitoring level of a vehicle based on a
detected vehicle condition by detecting a state of the
vehicle and of a surroundings of the vehicle, wherein
the monitoring level determiming mechanism deter-
mines the monitoring level from a plurality of moni-
toring levels;

a monitoring 1image generating mechamsm that calculates
a compressibility 1 accordance with the monitoring
level and generates a monitoring 1mage compressing a
captured still image captured by a camera mounted on
the vehicle and directed to the surroundings of the
vehicle at the compressibility calculated, wherein the
monitoring image generating mechanism generates a
monitoring 1mage by successive sequencing of the
captured still image and previously captured still
images; and

a transmission mechanism that transmits information
including generated monitoring 1image to an external
terminal device, wherein

when receiving a request for the monitoring 1mage from
the external terminal device, the monitoring level deter-
mining mechanism determines the monitoring level to
be a standard level, and

the monitoring image generating mechanism generates, 1n
accordance with the standard level, the monitoring
image by compressing the captured still image captured
by the camera at a compressibility higher than a pre-
viously set standard compressibility;

wherein the monitoring level determining mechanism
calculates a lower compressibility as the monitoring
level increases; and

wherein the monitoring level determining mechanism
determines the monitoring level of the vehicle as an
enhanced level when a presence of a monitoring target
object 1s detected from the captured still 1image cap-
tured by the camera; and

the monitoring 1mage generating mechanism generates
the monitoring 1mage by compressing the captured still
image captured by the camera at a compressibility
lower than the previously set standard compressibility.

10. The vehicle monitoring device as claimed 1n claim 9,

wherein

the monitoring level determining mechanism determines
the monitoring level of the vehicle to be an enhanced
level when a monitoring target object 1s detected that
approaches the vehicle based on the captured still
image captured by the camera; and

the monitoring 1mage generating mechanism generates
the monitoring 1mage by compressing the captured still
image captured by the camera at a compressibility
lower than the previously set standard compressibility.

11. The vehicle monitoring device as claimed in claim 9,

wherein

when a monitoring target object that stays 1n a vicinity of
the vehicle for a predetermined time or more 1s
detected, the monitoring level determining mechanism
determines the vehicle monitoring level to be an
enhanced level; and

the monitoring 1mage generating mechanism generates
the monitoring 1mage by compressing the captured still
image captured by the camera 1n accordance with the
enhanced level at a compressibility lower than the
previously set standard compressibility.
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12. The vehicle monitoring device as claimed 1n claim 9,
wherein

11 an abnormality signal from the vehicle 1s obtained, the
monitoring level determining mechanism determines
the vehicle monitoring level to be an enhanced level;
and

the monitoring 1mage generating mechanism generates
the monitoring 1mage by compressing the captured still
image captured by the camera 1n accordance with the
enhanced level at a compressibility lower than the
previously set standard compressibility.

13. The vehicle monitoring device as claimed 1n claim 9,
wherein the monitoring 1image generating mechanism gen-
crates the monitoring 1mage at a corrected compressibility
that 1s set low 1n accordance with the monitoring level when
the monitoring level 1s detected by the monitoring level
determining mechanism after sunset.

14. The vehicle monitoring device as claimed 1n claim 9,
wherein, when a monitoring target object 1s included in the
captured still image captured by the camera, the monitoring
image generating mechanism generates the monitoring
image compressing the captured still image containing the
monitoring target object at a corrected compressibility that
1s set lower 1n accordance with the monitoring level.

15. The vehicle monitoring device as claimed 1n claim 9,
wherein

the monitoring 1mage generating mechanism increases a
frequency of generating the monitoring 1mage when the
monitoring level 1s determined to be an enhanced level;
and

the transmission mechanism transmits the monitoring
image to the external terminal device in accordance
with the frequency.

16. A vehicle monitoring method comprising:

determining a monitoring level of a vehicle based on a
vehicle condition by detecting a state of the vehicle or
of a surroundings of the vehicle, wherein the state of
the vehicle or of the surroundings of the vehicle i1s one
of request for monitoring 1mage, still object, monitor-
ing object separating, monitoring object approaching
without motion, monitoring object approaching with
motion, momtoring object staying, and abnormality
detected by vehicle state detection sensors;

calculating a compressibility based on the monitoring
level;

generating a monitoring image compressing a captured
still 1mage captured by a camera mounted on the
vehicle by the compressibility calculated, wherein the
monitoring 1mage 1s generated by successive sequenc-
ing of the captured still image and previously captured
still 1mages;

transmitting information including the monitoring image
generated to an external terminal device; and

when the monitoring level 1s determined to be a standard
level, generating the monitoring 1image by compressing,
the captured still image captured by the camera at a
compressibility higher than a previously set standard
compressibility.

17. A vehicle monitoring device comprising:

a plurality cameras mounted on a vehicle exterior for
capturing still images of a periphery of the vehicle;

a monitoring 1mage generating mechamsm that, when
presence of a monitoring target object 1s detected 1n the
periphery of the vehicle, generates a moving 1mage
indicating a state change 1n the periphery of the vehicle
as a monitoring 1image based on a captured still image
including the image corresponding to the monitoring
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target object, wherein the moving 1mage 1s generated
by successive sequencing of the captured still image
and previously captured still images; and

a transmission mechanism that transmits the monitoring,

image to an external terminal device using a commu-
nication line, wherein, when the monitoring target
object 1s not detected in the periphery of the vehicle,
monitoring image generating mechanism generates a
still image showing a temporary state of a vicinity of
the vehicle based on the captured still image captured
by the camera.

18. The vehicle monitoring device as claimed 1n claim 17,
wherein

the monitoring 1mage generating mechanism compares a

reference monitoring 1mage acquired at a reference
monitor time representing a reference when monitoring
the surroundings of the vehicle and a comparison image
captured by the camera 1 a single or plurality of
monitoring timings after the reference monitoring time
to generate the monitoring 1mage based on a difference
image 1n response to a change 1n 1image data between
the reference monitoring image and the comparison
image; and

the transmission mechanism transmits the monitoring

image to the external device via the communication
line after having sent the reference monitoring image to
the external device via the communication line.
19. The vehicle monitoring device as claimed 1n claim 17,
wherein the monitoring 1image generating mechanism:
compares a K-th comparison image (wherein K 1s a
natural number) captured at a K-th momitoring timing
alter a reference monitoring timing and the reference
monitoring image to extract a K-th diflerence image of
a predetermined region containing the difference image
of the two 1mages;
compares the K-th comparison image captured at the K-th
monitoring timing after the reference monitoring tim-
ing and a (K-1)-th comparison 1mage captured at a
(K-1)-th timing immediately before the K-th monitor-
Ing timing;

attaches to the image data of invariable region having no
difference over the reference monitoring 1image of the
K-th difference image a first 1identifier;

attaches to a duplicate change region included in the
(K-1) comparison image as well of the K-th difference
image a second i1dentifier;

attaches to a most receipt change region included only in

the (K-1)-th difference image of the K-th difference
image a third identifier; and

replaces the image data of the image region of the K-th

difference image to which the third identifier is attached
with the image data of the K-th comparison image
corresponding to the image region; and

generates the information including the 1image data of the

K-th comparison image replaced, the first identifier and
the second 1dentifier as the monitoring 1mage.

20. The vehicle monitoring device as claimed 1n claim 17,
wherein, when a moving speed of the monitoring target
object calculated based on the captured still 1image 1s less
than a predetermined value, the monitoring image 1s gener-
ated by decreasing a frame rate.

21. A vehicle monitoring system using the vehicle moni-
toring device as set forth in claim 17, further comprising:

a terminal device capable of mnformation transier to and

from the vehicle momtoring device, wherein the ter-
minal device comprises;
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a communication mechanism to communicate with the
vehicle monitoring device;

a display 1mage generating mechanism to generate an
image for display based on the monitored image
acquired through a communication means; and

a display mechanism for displaying the image for display
generated by the display image generating mechanism.

22. A vehicle monitoring method comprising:

acquiring a plurality of captured still images of a sur-
roundings of a vehicle, the images each associated with
a discrete region of the surroundings of the vehicle;

when an i1mage corresponding to a monitoring target
object has been detected in one of the captured still
images, generating a moving image as a monitoring
image for the associated region that indicates a state of
change 1n the surroundings of the vehicle based on the
captured still 1mage including a monitoring target
object, while images associated with discrete regions of
the surroundings lacking a monitoring target object are
generated as still images, wherein the moving 1image 1s
generated by successive sequencing of the captured still
image and the plurality of captured still images;

when the monitoring target object has not been detected
in at least one of the captured still 1image, generating a
still image showing a temporary state of the surround-
ings of the vehicle based on the captured still image;
and

transmitting the monitoring images to an external terminal
device, such that the plurality of captured still images
depicts the surroundings of the vehicle.

23. The vehicle monitoring device as claimed 1n claim 1,
wherein, when a detected monitoring target object is sepa-
rating from the vehicle or 1s a stationary object, the moni-
toring level determiming mechanism determines the vehicle
monitoring level to be the standard level and the monitoring
image generating mechanism generates the monitoring
image 1n the display mode of the still image.

24. The vehicle monitoring device as claimed 1n claim 9,
wherein, when a detected monitoring target object is sepa-
rating irom the vehicle, the monitoring level determiming
mechanism determines the monitoring level to be a standard
level, and

in accordance with the standard level, the momnitoring
image generating mechanism generates the monitoring
image by compressing the captured still image captured
by the camera at the previously set standard compress-
ibility or higher.

25. The vehicle monitoring device of claim 1 wherein the
monitoring level determining mechanism 1s operatively con-
nected to a plurality of motion sensors positioned on one or
more exterior locations of the vehicle and monitoring an
exterior periphery surrounding the vehicle.

26. The vehicle monitoring device of claim 1, wherein
when the presence ol a monitoring target object 1s detected
from the monitoring image captured by the camera, the
monitoring level determining mechanism determines that
the monitoring level should be elevated to be an enhanced
level, and the monitoring image generating mechanism
generates the momitoring 1mage 1n the display mode of either
the moving 1image or the streaming image with a number of
frames per unit time at a predetermined value or greater 1n
accordance with the enhanced level.
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